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FAILURE  OF  AUSTIN  DAM. 

J.  W.  LEDOUX. 

(Active    Member.) 

Read  October  21,  1911. 

The  failure  of  the  dam  at  Austin,  Pennsylvania,  on  September  30, 
1911,  affords  a  sad  hut  immensely  valuable  lesson  to  hydraulic 
engineers.  It  teaches  that  in  building  such  structures  the  first  re- 
quirement is  the  absolute  safety  to  human  life;  the  second,  that  it 
shall  serve  its  purpose;  third,  that  it  shall  cost  a  minimum.  Appar- 
ently, in  this  case  the  ends  attained  were  in  reverse  order  with  the 
last  term  negative. 

It  is  a  principle  of  humanity  that  the  most  valuable  lessons  are 
taught  and  firmly  impressed  by  discovery  of  disastrous  error.  Some 
one  has  said  that  no  engineer  is  safe  until  he  has  made  some  serious 
l)lunder. 

The  consequence  of  the  Austin  dam  failure  will  probably  result 
in  making  unduly  expensive  for  the  next  few  decades  all  similar 
structures. 

The  Johnstown  flood  taught  the  importance  of  the*  si)illway  for 
earth  dams,  while  subsequent  experiences  in  the  Allegheny  Mountains 
gave  specific  data  which  indicated  that  in  snudl  drainage*  areas  of 
1  to  10  square  miles  it  is  not  unrea-sonable  to  provide  for  a  flood 
flow  of  400  cubic  feet  per  second  per  .square  mile. 
1  1 


2  Ledpux — Failure  of  Austin  Dam. 

The  design  of  a  masonry  dam,  as  far  as  its  section  is  concerned, 
can  be  successfully  executed  by  any  technically  trained  boy  just 
out  of  college.  It  is  only  necessar>'  to  be  familiar  with  the  simple 
principles  of  statics,  the  resolution  of  forces,  and  a  few  empirical 
rules.  To  resist  overturning  he  makes  the  section  such  that  the  result- 
ant of  the  water  pressure  and  the  weight  of  the  assumed  section  of 
unit  thickness  will  fall  within  that  section  at  every  point.  If  this 
condition  is  fulfilled,  under  the  most  severe  conditions  of  exterior 
load  that  will  ever  take  place,  the  dam  will  not  overturn  unless  the 
masonry  or  rock  crushes.  To  avoid  this,  as  well  as  to  provide  for 
a  factor  of  safety,  the  shape  is  made  such  that  the  resultant  falls  at 
all  depths  within  the  middle  third  of  the  section.  In  making  this 
calculation  it  is  considered  conservative  to  allow  for  possible  upward 
pressure.  Under  the  worst  conditions  this  might  amount  to  half 
the  hydrostatic  pressure,  but  no  one  allows  for  more  than  a  third, 
which  is  even  then  considered  ultraconservative. 

It  is  sometimes  considered  proper  to  calculate  the  safety  of  the 
structure  against  sliding,  and  for  that  purpose  he  assumes  the  entire 
horizontal  pressure  of  the  wat^r  resisted  by  the  weight  of  the  dam, 
less  the  assumed  upward  pressure,  which  net  weight  is  multiplied 
by  the  coefficient  of  friction  between  masonry  and  rock,  using  about 
0.7.  In  both  cases  a  factor  of  safety  of  two  is  considered  good  practice. 
The  effect  of  sliding,  however,  can  be  eliminated  by  carrying  the 
structure  down  into  the  rock  ledge  a  sufficient  distance  to  effectually 
prevent  sliding. 

Theoretically,  the  top  thickness  may  be  zero,  but  when  the  effect 
of  unequal  strains,  frost,  and  the  possible  blow  from  a  log,  or  tree,  or 
ice  thrust  is  considered,  4  feet  is  none  too  much,  and  for  a  large  dam 
6  feet  is  better. 

Now,  when  all  these  requirements  are  fulfilled,  the  pure  mathema- 
tics portion  of  the  work  is  done,  but  the  real  difficulties  are  yet  to  come. 

The  material  upon  which  the  dam  is  to  be  founded  must  be  con- 
sidered. If  the  foundation  is  not  excavated  deep  enough  the  structure 
will  fail,  and  if  it  is  taken  dowTi  too  deep  the  cost  will  be  prohibitive, 
and  within  these  two  extremes  the  engineer  has  abundant  oppor- 
tunity to  tax  his  judgment  to  the  utmost.  The  author  remembers 
an  excavation  for  a  masonry  dam  in  the  South.  The  bottom  looked 
good  and  solid,  gneissic  rock  at  a  depth  of  about  15  feet,  but  a  series 
of  drill  holes  revealed  a  large  cavern  at  a  depth  of  only  a  few  feet 
below  the  excavated  surface. 
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tion  was  extremely  high.  In  other  words,  the  amount  of  concrete 
was  double  that  of  excavation.  Compare  this  with  a  few  of  the  large 
dams  of  which  the  writer  has  recently  had  charge. 


Name  of  Dam 


Capacity  in  Gallons  '      ^i^*%'i"/'        ^''^''^''t^*'* 

CU.    YDS.  CC    TI>S. 


207,000,000  40,986  26,654 


Tub    Mill    Croek    dam,    in    the 

Chestnut  Ridge,  above  Boli- 
var, Pa 

North    Branch    of    Conemaugh 

dam^  above  Wilmore,  Pa. .  . .  j        1,025,000,000  35,972  39,603 

Indian   Creek   dam,   nine   miles  j 

southeast    of    Connellsville,  i 

Pa I  240,000,000  7,840  9,273 

Lloydell   dam,    on    South    Fork  ' 

Branch  of  the  Conemaugh,  1 

ten  miles  above  South  Fork,  I 

Pa j  204,000,000  30,148  45,031 


All  those  dams  extended  down  into  the  rock  a  groat  depth.  The 
Tub  Mill  dam  wont  down  to  a  maximum  of  50  odd  foot.  The  North 
Branch  of  the  Conemaugh,  about  40  feet.  Indian  Oeok  dam,  to  a 
maximum  of  20  feet.  Lloydell  dam  to  a  maximum  of  80  feet.  As 
these  dams  were  solidly  bedded  against  the  down-stream  rock  vertical 
face  there  was  no  possibility  of  their  sliding,  which  was,  undoubtedly, 
the  cause  of  the  failure  of  the  Austin  dam. 

The  Austin  dam  was  built  of  concrete,  stated  to  bo  mixed  in  pro- 
portions of  one,  throe,  and  six,  and  an  examination  would  indicate 
that  it  was  well  built  in  about  the  proportions  stated. 

The  sketch,  Fig.  7,  will  show  in  plan  and  olovation  about  how  the 
failure  occurred. 

According  to  the  article*  in  the  Enginooring  News,  tho  dam  contained 
stool  roinforcomont  uniformh'  located,  but  an  examination  of  the 
fractures  will  indicate  that  this  was  not  as  shown.  In  fact,  tho  roin- 
forcomont cannot  bo  considered  as  of  any  valu(^  whatever,  and 
it  was  unnecessary,  except  to  prevent  tomi)oraturo  (Tacks,  or  to 
anchor  it  to  tho  lH)ttom,  but,  as  for  either  of  those  purposes,  many  times 
tho  amount  used  would  bo  required,  it  is  soon  that  this  roinforco- 
mont is  of  no  conso(iuonco  whatever. 

According  to  tho  same  article,  this  dam  practically  faih'd  in  Jan- 
uary, 1910,  and  how  those  rosponsi))lo  for  tho  dam  could  have  as- 
sumed that  it  was  safe*  after  that  failure  is  almost  inox])licabio.    The 
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case  is  parallel  to  that  of  a  beam  or  girder  uniformly  loaded  to  such 
an  extent  as  to  cause  it  to  crack  in  several  places.  The  load  l)eing 
immediately  relieved,  the  beam  stands  in  its  weakened  condition, 
and,  afterwards,  when  loaded  up  to  even  a  greater  extent  than  orig- 
inally caused  the  break,  final  failure  must  inevitably  take  place. 

It  is  said  that  at  the  time  the  dam  was  originally  cracked,  a  hole 
was  dynamited  through  it  which  caused  the  water  level  to  go  down, 
and  naturally  relieved  the  pressure.  It  is  also  stated  that  the  reser- 
voir had  not  been  filled  up  again  until  just  before  the  final  failure. 
The  information,  which   the   author  obtained  second-hand,  is  that 


£jL£V^r/ON  Of^lhivNsrpsAm0/o£ 


nrnr 


Fig.  7. 


several  women  who  lived  near  the  dam,  and  who  frequently  walked 
out  on  it,  noticed  a  general  movemc^nt  down-stn^am.  One  of  them 
ran  to  a  telephone  and  notified  the  operator  at  Austin.  It  required 
three  or  four  minutes  befon*  th(»  final  bursting  and  release*  of  the  water. 
It  is  also  stated  that  the  wave  recfuired  about  seven  minutes  to  reach 
the  manufacturing  plant  of  the  Bayless  Pulp  and  Paper  Mill,  which 
was  three-cjuarters  of  a  mile  down-stn^am,  and  four  or  five  minutes 
longer  to  reach  the  town  of  Austin,  which  was  a  half-mile  below  the 
paper  mill. 

It  would  seem,  from  the  conditions  and  the  position  of  the  fractured 
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sections,  that  the  dam  must  have  failed  by  sliding,  because  all  the 
large  sections  stand  on  their  original  bases,  but  at  a  considerable 
distance  down-stream. 

With  the  exception  of  two,  all  the  lines  of  fracture  were  in.  exist- 
ence more  than  a  year  ago,  and  observation  showed  that  the  frac- 
tures were  partly  along  planes  between  concrete  built  at  diflferent 
times.  In  fact,  in  nearly  all  cases  such  planes  could  be  seen,  showing 
that  they  represented  the  lines  of  least  resistance.  In  some  cases 
these  planes  were  horizontal  and  one  of  such  planes  at  the  west  end 
of  the  dam  was  30  odd  feet  long  and  passed  through  the  entire  section. 
Another  plane  that  could  be  seen  distinctly  was  several  hundred  feet 
long  and  probably  represented  the  line  between  the  finishing  of  one 
period  of  work  and  commencing  of  the  next.  This  could  be  seen 
plainly  on  the  down-stream  side  near  the  natural  ground  level. 
However,  none  of  these  fractures  could  be  considered  responsible 
for  the  weakness  or  failure  of  the  dam.  This  was  due  to  some  deeper 
cause,  and  when  the  strain  became  too  great,  naturally,  the  breaks 
would  occur  along  these  planes  of  cleavage,  but  it  must  l)e  under- 
stood, that  if  the  dam  was  in  other  respects  perfect,  these  cleavage 
planes  would  not  have  been  a  source  of  weakness.  Such  cracks  may, 
however,  be  criticized,  because  temperature  cracks  are  almost  sure 
to  occur  at  these  places,  and,  therefore,  water  could  leak  through 
the  dam,  generally,  however,  in  very  small  quantities.  A  gravity 
dam  is  })uilt  on  the  principle  that,  if  it  were  sawed  through  trans- 
versely in  sections  of  one  or  more  feet  in  length,  the  sections  would 
stand  just  as  safely  as  if  they  formed  one  continuous  solid  mass.  It 
has  been  said  that  this  dam  was  built  of  boulder  concrete,  often  called 
Cyclopean  concrete,  but  this  is  not  generally  true.  Most  of  the  dam 
was  composed  of  concrete,  ])ure  and  simj)le,  with  some  boulders 
near  the  bottom.     However,  this  is  not  important. 

Now,  if  the  dam  failcMl  by  sliding,  what  was  the  cause?  The 
weight  of  the  concrete  is  found  to  be  about  135  jKurnds  per  cubic 
foot,  and,  figuring  the  weight  of  the  dam  and  its  coefficient  of  friction 
against  the  rock  underneath,  it  is  found  that  there*  would  not  l)e  any- 
where near  sufficient  water  ])ressure  to  slid(»  the  dam  on  the  surface 
of  the*  rock;  and,  judging  from  its  appearance,  the  engineer  or  men 
in  charge  of  the  construction  of  the  dam  must  have  taken  pains  to 
see  that  the  l)ottom  of  the  dam  was  in  intimate  contact  with  solid 
rock  surface.  It  is,  therefore,  entirelv  unlikelv  that  sufficient  water 
could  percolate  i)etween  the  bottom  of  the  dam  and  the  rock  to  exert  a 
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the  investigation,  to  be  due  to  erosion  by  constantly  falling  water 
against  the  comparatively  soft  rock  under  the  down-stream  toe, 
this  erosion  having  gone  so  far  back  under  the  dam  as  to  make  the 
structure  imstable.  Others  have  stated  that  the  rock  slid  on  itself 
causing  the  dam  to  fail  by  sliding  in  the  manner  above  stated.  With 
this  possible  exception  the  cause  of  the  failure  of  the  Austin,  Penn- 
sylvania, dam  seems  to  be  unique,  and,  therefore,  the  judgment 
of  the  engineer  who  was  in  charge  of  the  work  at  the  time  the  excava- 
tion was  completed  might  not  be  severely  censured  in  view  of  the 
accumulated  knowledge  and  state  of  the  art  up  to  that  date.  It  must 
be  remembered  that  he  was  working  for  a  corporation  who  desired  to 
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build  this  dam  at  the  lowc^st  possible  cost  consistent  with  safety. 
The  engineer  saw  the  surface*  of  the  rock  as  it  was  (»xposed  to  view, 
and  found  that  it  was  clean  and  hard,  and  certainly  j)()ssessed  suffi- 
cient !)earing  power  to  withstand  the*  downward  ]^ressure.  He  was 
also  positive*  that  the  coefficient  (jf  friction  betwcH'n  the  (concrete  and 
this  rock  would  be  sufficient  to  prevent  sliding.  He  had  probably 
sunk  test  holes  enough  to  indicate*  that  tlie  cliaracter  of  the  rock  for 
a  considerable*  elistane'e  l)ele)w  the  suKace  was  ne)t  any  more  solid 
e)r  suitable  fe)r  a  founelation.  There4e)re,  he*  saw  ne)  reaseni  to  go  ele*eper^ 
e)r  to  believer  that  the  elam  wemlel  e)verturn  ejr  sliele  on  this  re^ck  sur- 
fae*e.     His  re»ase)ning  up  to  that  pe)int   was  absolute*ly  senmel,  and 
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sure  acting  upward  against  the  dam,  it  would  probably  have  been 
worth  while  to  sink  a  deep  cut-off  trench  on  the  up-stream  side  of  the 
concrete  masonry,  and  to  a  depth  of  15  or  more  feet.  This  trench 
should  have  been  filled  solidly  with  concrete  which  should  have 
extended  slightly  under  the  dam. 

All  this  could  have  been  obviated,  originally,  by  carrying  the  dam 
down  5  or  10  feet  deeper. 

There  is  one  feature  of  the  construction  of  the  Austin  dam  that  is 
particularly  noticeable  and  which  was  mentioned  earlier  in  this 
paper.  The  down-stream  slope,  in  all  cases,  ends  at  a  very  short 
distance  below  the  natural  surface  of  the  ground,  which  would  be 
perfectly  justifiable,  if  the  natural  ground  were  solid  rock  high  in 
resisting  power;  but,  it  would  certainly  not  be  justifiable  when  the 
material  is  sand,  clay  and  gravel  as  in  this  case.  An  examination  of 
the  diagram  of  the  resolution  of  forces  (Fig.  9)  shows  that  the  result- 
ant comes  within  the  middle  third  at  all  points  above  the  intersec- 
tion of  the  slope  with  the  vertical  down-stream  face;  but,  below  this 
point  the  resultant  falls  considerably  beyond  the  middle  third.  How- 
ever, this  analysis  is  not  of  great  importance  in  view  of  the  fact  that 
the  dam  did  not  fail  by  overturning  but  by  sliding. 

As  a  general  proposition,  engineers  designing  masonry  dams  are 
not  required  to  give  much  consideration  to  the  danger  of  sliding. 
In  the  great  majority  of  cases  it  is  necessary,  for  other  reasons,  to 
go  to  a  depth  considerably  below  the  rock  surface,  and  this,  by  proper 
construction,  can  be  made  a  bulkhead  to  resist  the  sliding  of  the  dam. 

From  the  calculations  given  above  it  \\\\\  be  seen  that  the  effect  of 
possible  upward  pressure  was  not  considered.    Neither  is  it  average 
practice  to  allow  for  this  upward  pressure  which,  theoretically,  might 
reach  a  maximum  of  half  the  hydrostatic  pressure  acting  upward 
against  the  entire  l)ase  of  the  dam.    The  most  conservative  practice 
assume's  two-thirds  of  this  hydrostatic  pressure  at  the  up-stream  toe 
and  zero  at   the  down-stream   toe.     The  average  pressure  would 
then   be  one-third   of  the   hydrostatic   pressure,   and   if  the  forces 
are  as  assumed,  the  resultant  of  this  upward  pressure  would  act  at  a 
point  distant  from  tlie  up-stream  toe  e(iual  to  one-third  of  the  base. 
Hut  as  tiiere  an*  a  large*  immlnT  of  important  dams  standing  safely 
today,  whose  section  does  not  take  this  into  account,  and  which  would 
fail  if  the  upward  |)ressure  acted  acconUng  to  this  theory,  it  is  evi- 
dent that  it  is  not  by  any  means  a  certainty;  imt,  hereafter,  no  doubt, 
it  will  l)(»  allowed  for  in  all  important  structures.     The  danger  of 
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upward  pressure,  however,  can  be  obviated  by  a  not  very  difficult 
expedient,  and  without  increasing  the  section  of  the  dam,  in  the  fol- 
lowing manner:  It  is  always  advisable  to  found  the  up-stream  tee 
on  a  cut-ofif  wall,  say  4  or  8  feet  thick,  and  extending  down  a  consider- 
able depth.  When  this  is  constructed  it  is  incorporated  with  the 
rest  of  the  masonry  and  forms  a  very  effective  barrier  against  leakafi^e. 
If  this  wall  is  depended  upon  for  water-tightness,  the  intersection 
between  the  remaining  part  of  the  bottom  of  the  dam  and  the  rock 
can  be  made  porous.  For  instance,  the  first  6  inches  or  more  of  the 
bottom  can  be  built  in  the  form  of  almost  a  dry  wall,  and,  of  course, 
this  would  save  considerable  expense  over  building  the  entire  section 
large  enough  to  withstand  the  upward  pressure. 

DLSCrSSlOX. 

Manton  E.  Hibbs. — As  we  have  discussed  the  dam  from  its  technical  and 
mathematical  points  there  is  one  question  we  ought  to  look  at  aside  from  that 
of  engineering,  and  that  is,  the  safety  of  the  people  in  the  vicinity  of  the  dam. 

1  believe  there  should  be  somebody  in  the  State  of  Pennsylvania  to  place 
a  check,  not  really  upon  the  safety  of  the  dams  themselves,  but  the  safety  of 
dams  with  regard  to  the  people  they  affect.  For  example,  take  the  case  of  a  river 
whose  natural  course  is  changed,  dammed  up,  and  made  dangerous  by  a  cor- 
poration. Shall  the  corporation  be  allowed  to  do  as  it  pleases,  or  shall  it  be  com- 
pelled to  protect  the  people?  When  it  comes  to  a  question  of  money-making 
you  will  find  the  safety  of  the  people  gets  small  consideration,  and  I  believe  there 
should  be  some  check  \i\>oi\  the  owner  and  the  engineer.  This  will  not  retard  the 
work  of  the  engin(»er  or  owner  in  any  way  and  the  most  efficient  will  win  out 
in  the  end. 

I  am  not  criticizing  so  much  the  engin<»er  who  designed  the  dam  with  regard 
to  the  lo.ss  of  life,  but,  merely,  to  look  at  the  matter  of  safe  construction  and  its 
responsibiUties.  The  responsibiUty  rests,  first,  with  the  engineer  who  designed 
the  dam,  then  with  the  people  who  employed  him,  and  the  contractor  who  hu- 
perintended  the  construction.  Finally,  tlie  Stat(»  .should  assume  responsibility. 
It  is  only  through  the  harmonious  relations  of  these  different  elements  that 
safety  in  a  structure  can  be  insured. 

Edwin  F.  Smith. — I  cannot  add  much  to  what  Mr.  Ledoux  has  told  us  al>out 
the  constniction  of  dams.  There  is  one  thing,  however,  that  impres.ses  me  and 
it  comes  to  my  minrl  from  time  to  time  as  horrible  accitlents  like  this  happen  and 
it  is  this:  thai  engineers  should  be  more  careful  about  foundations  when  build- 
ing .such  structures.  It  is  not  sufficient  to  start  the  foundation  of  either  a  masonry 
dam  or  a  timber  <Iam  when  we  touch  rock;  it  is  not  sufficient  to  put  down  drill 
holes  to  ascertain  what  is  the  character  of  tliat  rock;  it  is  better  to  sink  shafts 
and  go  flown  to  the  bottom  until  we  find  we  have  solid  rock  and  a  good  founda- 
tion. A  dam,  such  as  that  at  Austin,  should  not  be  built  upon  rock  that  is  in 
alternate  layers  with  clay, or  even  hard  pan,  l)etween  the  layers.  We  should  not 
build  foundati<ms  for  a  concrete  dam  on  anything  but  bed-rock,  rock  that  is 
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LogiHlation  should  cover  not  only  the  dosifcn  and  com^t ruction  of  dams,  but 
provision  for  knowledge  of  the  c^re  in  operation,  for  neglect,  carelessness,  or 
unappreciation  of  conditions  may  seriously  jeopardize  an  otherwise  satisfactory 
structure.  Such  an  example  w^as  given  us  22  years  ago  by  the  Johnstown  dis- 
aster, in  which  the  failure  of  a  dam  was  a  contributing  cause,  yet  this  structure  had 
stood  for  a  half  century  and  showed  no  signs  of  weakening  until  abused.  The 
removal  of  drain  pipes  and  placing  a  fish  screen  across  the  spillway  greatly 
reduced  the  facilities  for  wasting  excess,  and  the  improper  filling  in  of  the  pipe 
trencher,  left  a  depres*»ion.  With  extreme  rain-fall  conditions  and  resultant- 
clogging  of  the  screen  by  d6bris  the  outlet  was  insufficient  and  the  further  weaken- 
ing of  the  embankment  as  the  water  rose,  by  turning  a  furrow  to  make  addi- 
tional height,  permitted  the  water  to  spill  over  and  cut  the  entire  embankment 
when  ov<.Tflow  had  once  begun. 

The  growth  of  population  and  the  desire  for  uncontaminated  sources  of  water 
supply  require  more  and  larger  dams  and  reservoirs,  sometimes  of  considerable 
depth.  The  deveh)pment  of  water  power  is  continually  growing,  in  which  the 
maximum  practicable  fall  is  desired,  while  setisonal  variatioiLs  in  precipitation 
create  a  d(?mand  for  storage  biusins  to  augment  the  stream  flow  at  periods  of  low- 
discharge.  The  quantity  of  water  required  to  increase  the  available  i>ower  for 
a  number  of  days,  perhaps  for  months,  demands  storage  facilities  often  of  enor- 
mous capacity;  quantities  that  make  appear  insignificant  the  contents  of  the 
Austin  dam,  which  did  not  exceed  one  day's  supply  for  the  city  of  Philadelphia. 

Mention  was  made  this  evening  of  a  printed  statement  that  the  public  was 
losing  confidence  in  engineering,  a  statement  which  seems  best  combat  ted  by 
facets,  viz.,  the  immediate  acceptance  by  the  people  of  engineering  work,  such 
as  the  rental  of  office  space  in  extremely  high  buildings,  or  the  utilization  of  river 
tunnels,  etc.  And  although  the  Austin  and  Johnstown  dams  are  not  the  only 
failures,  the  others  have  fortunately  done*  Httle  or  no  damage;  yet  their  total  is 
a  verj'  small  proportion  of  the  number  of  existing  structures;  a  fact  which  can 
as.sure  the  public*. 

In  the  matter  of  construction  I  beheve  that  there  should  be  some  advocation 
l)y  the  proft*ssion  for  authority  to  the  engineer.  In  many  cases  the  authority  is 
divided  between  the  engineer  and  his  clients,  but  it  is  not  difficult  to  guess  where 
the  responsibility  of  any  fault  is  placed.  Or,  in  another  instance,  it  is  mani- 
fe>!tly  unfair  to  both  parties,  as  well  as  to  the  public  and  the  proft'^sion,  that  a 
well  planned  design  should  be  taken  from  an  engineer  and  built  according  to  th<? 
ideji  of  some  one  else  who  may  or  may  not  be  fitted.  For  I  believe  that  an  engi- 
neer given  full  authority  would  willingly  accept  the  responsibility. 

PubHc  demand  for  legislation  is  justified  in  view  of  the  fact  that  many  existing 
dams  had  been  built  with  no  approval  beyond  a  charter  right,  and  under  no  com- 
pulsion of  stability  of  design,  character  and  quality  of  material,  and  construction 
or  care  in  operation.  The  tcM'hnical  publications  as  well  as  some  engin<»crs  have 
been  advocates  of  governmental  ("onlrol.  Any  legislation  should  Im»  lM)th  pro- 
tective and  fair,  and  of  .such  character  as  to  appeal  to  the  public,  not  only  now 
but  at  other  times.  And  with  a  trend  of  sentiment  in  this  direction,  the  engi- 
neering profession  should  well  consider  this  matter,  and  suggest  such  action 
as  it  deems  advi.«<able  and  (Kjuitable. 

JouN   C.  TiiAUTWiXE,   Jr. — There  would  seem  to  be  no  question  jis  to  the 
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believe  this  will  accomplish  very  much  unless  we  can  get  a  higher  class  of  men  to 
act  as  our  legislators,  governors,  etc.,  and  a  greater  number  of  competent  and 
experienced  men  willing  to  act  upon  our  public  commissions.  We  now  have  a 
number  of  good  laws  looking  to  the  protection  of  the  public  morals,  sworn  officers 
of  the  Court,  and  an  efficient  police  force  to  enforce  them;  still  all  of  us  realize 
what  a  farce  the  enforcement  of  these  laws  becomes  at  times. 

It  is  generally  conceded,  I  believe,  that  the  Austin,  Pennsylvania,  dam  failed 
on  account  of  defective  foundations  and  under  the  proposed  legislation  it  would 
be  the  duty  of  the  one  appointed  to  pass  not  only  upon  the  design,  but  also  upon 
the  foundations  and  methods  of  construction  of  any  proposed  dam.  Let  us  take 
a  concrete  case: 

John  Doe,  desiring  to  construct  a  dam,  will  submit  a  set  of  drawings  to  the 
State  for  its  approval ;  shouhl  the  design  not  be  a  proper  one  the  State  will  insist 
upon  changes  being  made  before  it  will  grant  its  approval.  The  next  step  is  the 
construction,  and  here  again,  the  State  steps  in  and  passes  upon  foundations,  etc.. 
insisting  in  all  cases  of  doubt  upon  its  view  being  carried  out.  The  not  result  is 
that  the  State,  through  its  appointed  officers,  becomes  virtually  John  Doe's 
engineer  from  the  time  the  plans  are  submitted  to  the  final  and  successful  comple- 
tion of  the  work.  I  beUeve  that  we,  as  members  of  the  Engineers'  Club,  do  not 
want  to  see  this. 

Referring  to  the  editorial  in  this  week's  Engineering  Record  I  agree  with  Mr. 
Smith  that  good  engineering  is  not  open  to  criticism  and  should  not  be  criticized. 
Nevertheless,  a  failure  such  as  that  at  Austin  reflects  on  all  engineering  and  the 
good  suffer  ^nth  the  bad.  The  evidence  of  this  is  seen  in  the  agitation  by  the 
inhabitants  of  the  valley  of  the  Croton  River  for  an  investigation  of  the  new 
Croton  dam.  Another  case  is  that  of  the  public  water  supply  for  Columbus, 
Ohio.  Columbus,  I  umlerstand,  several  years  ago,  constructed  a  dam  for  im- 
pounding a  new  water  supply,  but  on  account  of  financial  and  other  reasons 
the  dam  was  never  completed  to  its  designed  height.  Now  that  additional  water 
is  required,  it  is  proposed  to  complete  the  dam,  but  the  citizens  of  Columbus 
.-have  overruled  their  engineers,  who  are  men  of  high  professional  rank,  and  have 
decided  that,  in  view  of  the  Austin  failure,  they  will  not  complete  their  dam. 

The  EnginetTing  News  in  an  editorial,  issue  of  October  5th,  states  that  "the 
lesson  of  Johnstown  fell  u{)on  deaf  ears."  I  do  not  think  the  statement  is  war- 
ranted. The  Conemaugh  dam  faile<i  by  overtopping  and  ero.sion,  whereas  the 
Austin  dam  failed  primarily  from  faulty  foundations,  whicli  is  an  entirely 
different  condition. 

The  week  following  the  failure  of  the  Austin  dam  there  were  two  failures  in 
Wisconsin.  These  dams  were  comiKKsed  of  masonry  spillways  flanked  on  each 
side  with  earthen  embankments  with  core  walls.  The  cause  of  the  failures 
was  the  overtopping  of  the  earthen  embankments  due  to  inadequacy  of  the 
spillways;  in  this  connection,  I  tliink  ongineiTs,  as  a  rule,  make  a  great  mistake. 
Let  us  for  a  moment  consider  the  spillways: 

The  upp<T,  or  Dell's  dam,  had  a  mjisonry  section  about  2S5  Uh}\  long  by  29 
feet  high  which  acted  as  a  spillway  section.  The  spillway  proper  wjis  2<)0  feet 
long  and  wjls  designed  to  carry  a  depth  of  water  of  5 '2  f<^<*t ;  and,  in  addition, 
there  were  four  4  feet  by  5  fe<»t  sluice  gates  through  the  dam.  The  remainder 
of  the  dam  was  of  earthen  embankment  approximately  500  fe(»t  long,  with  a 
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for  the  design  and  would  be  criticized,  at  once  called  in  Mr.  Wegemann  who  is 
considered  an  authority  on  designs  of  dams.  Mr.  Wegemann  made  a  report  to 
Mr.  Ilatton,  recommending  certain  changes,  wliich,  in  his  opinion,  would 
make  the  dam  safe.  I  feel  sure  that  Mr.  Hat  ton  incorporate<l  Mr.  Wego- 
mann's  report,  vd\h  one  of  his  own  to  the  Bayless  Pulp  and  Paper  Company, 
and  in  this  action  he  did  what  any  of  us  would  have  done  to  have  corrected  a 
piece  of  defective  work.  Why  the  Bayless  Pulp  and  Papf^r  Company  did  not 
carry  out  these  recommendations,  or  at  Icjist  see  to  it  that  the  dam  was  not  fillcHi 
again,  is  inexplicable. 

I  am  not  opposing  State  control,  for  I  think  some  form  of  Stat«  control  of 
this  class  of  structures  is  inevitable,  but  I  am  oppased  to  it  unless  it  is  more  wisely 
administerwl  than  heretofore;  and,  in  this  connection,  I  want  to  bring  out  the 
fact  that  the  State  does  not  give  sufficient  reward  in  the  way  of  salaries  to  induce 
men  of  ability  to  enter  its  employ.  Public  officers  do  not  receive  sufficient  salaries 
to  induce  men  to  make  a  study  of  political  government,  and  men  who  have  the 
executive  ability  to  act  jis  the  governor  of  a  State  such  as  Pennsylvania,  can 
cam  salaries  many  times  larger  as  executive  heads  of  the  great  corpora tion^ ; 
and  in  addition,  they  are  not  subjected  to  the  criticism  and  gilx^s  of  the  pubhc. 

Massachusetts  and  Colora<lo  have  State  sujwrvision  and  I  would  add  that  both 
of  thc»se  States  have  had  failures  of  dams  within  the  past  few  years. 

W'm.  (yOPELAND  FuRBER. — I  Want  to  cndorse  the  remarks  of  Mr.  Hibbs  re- 
garding State  control.  1  think  it  should  be  acceptcni  without  argument  that 
anything  of  a  public  or  semi-public  nature  affecting  pubHc;  interests  in  any  way 
should  be  super\nsed  by  some  public  officer,  and  whether  tlie  officer  is  efficient  or 
not  has  nothing  to  do  with  this  principle.  The  responsibility  for  the  efficiency 
of  the  officer  rests  entirely  where  it  belongs,  on  the  shoulders  of  the  people. 

I  do  not  know  what  condition  our  (lities  would  be  in  today  if  there  was  no 
municipal  bureau  of  building  construction  and  inspection,  and  if  tlie  owners  were 
allowe<l  to  exercise  their  own  idetis  of  economy  in  building  construction,  and  in 
this  connection  1  would  say  that  it  is  my  belief  that  the  lowers  of  the  municipal 
bureau  should  be  increiv*ed  rather  tlian  diminished  in  such  matters. 

I  do  not  think  that  tlie  engineer  or  the  architc»ct  should  ever  fear  State  control. 
On  the  contrary,  I  think  he  will  find  the  State  or  Municipal  <lepartment  for  super- 
vision of  construction  will  back  him  up  when  he  should  be  backed  up,  and  will 
prove  a  tower  of  strength  in  circumstances  where  greeil,  stupidity  or  lack  of 
intelligence  on  the  part  of  the  own(»r  would  i)r()iluce  disastrous  results. 
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There  are  various  reasons  why  the  head  of  the  Coast  and  Geodetic 
Survey  should  be  particularly  glad  to  speak  to  an  association  of 
his  colleagues  in  the  engineering  profession  in  Philadelphia.  Phila- 
delphia stands  in  a  certain  maternal  relationship  to  the  C'oast  Survey 
for,  when  the  question  of  organizing  a  survey  was  up,  the  govern- 
ment turned  to  members  of  the  American  Philosophical  Society  for 
counsel  and  guidance.  In  response  to  the  circular  of  the  Secretary 
of  the  Treasury,  calling  for  plans  for  the  conduct  of  a  survey,  thirteen 
plans  were  submitted.  These  were  fortunately  referred  to  the  then 
Vice-president  of  the  American  Philosophical  Society,  as  Chairman 
of  the  C^'ommittee,  to  decide  on  the  adoption  of  the  best  plan.  The 
Committee  endorsed  the  scientific  methods  proposed  by  Mr.  Hassler 
who  became  the  first  Superintendent  of  the  Survey. 

It  was  a  good  examj)le  to  set,  but  one  which  the  government  has 
not  always  pursued,  to  have  the  fundam(»ntal  principles  on  which  a 
work  of  applied  science  should  be  done,  submitted  to  scientific  men 
for  consideration.  To  engineers  it  may  seem  as  though  no  other  way 
could  have  been  chosen,  than  the  one  that  prescribed  a  trigonometric 
survey  as  the  basis  of  an  extended  survey,  but  as  a  matter  of  fact 
other  methods  w-ere  proposed.  These  things  occurred  in  1807,  from 
which  date  it  is  seen  that  this  Bureau  is  old  in  years,  but  facts  will  show 
that  it  is  young  in  spirit,  and  strives  to  march  in  the  van  of  progress, 
to  lead  where  it  can,  and  to  follow  only  where  it  must.  When  the  plans 
for  a  survey  were  made  the  Coast  of  the  United  States  extended 
from  Maine  to  Florida.  The  Floridas,  much  of  the  Gulf  Coast,  the 
Pacific  Coast  and  Alaska  w^re  geographical  conce])tions  outside  of 
what  is  now  the  United  States.  At  the  present  time  the  work  of  the 
Survey  has  been  extended  to  the  Philippines,  the  Hawaiian  Islands, 
and  other  islands  under  the  jurisdiction  of  the  United  States. 
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In  brief  language  the  following  extract,  from  an  official  publication, 
describes  the  duties  of  the  Survey: 

"The  Coast  and  (ioo<letic  Survey  is  charRcil  with  the  .survey  of  the  coasts  of  tlu» 
I'nited  States,  and  coaHts  under  the  jurisdiction  thereof,  and  the  publication  of 
charts  coverinR  said  coasts.  This  includes  base  measure,  triangulation,  topo- 
graphy, and  hydrography  along  .said  coasts;  the  survey  of  rivers  to  the  head  of 
ti<le-water  or  .ship  navigation;  deep-.sea  soundings,  temperature,  and  current 
observations  along  .said  cotists  and  throughout  the  (Julf  and  Japan  streams; 
magnetic  observations  and  researches,  and  the  publication  of  maps,  showing 
the  variations  of  terrestrial  magnetism;  gravity  research;  determination  of  heights; 
the  determination  of  g(K)graphic  po.sitions  by  astronomic  observations  for  lati- 
tude, longitude,  and  azimuth,  and  by  triangulaticm,  to  furnish  reference  points 
for  State  sur\'eys. 

"The  results  obtained  are  pubhshed  in  annual  reports,  and  in  sp<»cial  publica- 
tions; charts  upon  various  scales,  including  .sailing  charts,  general  charts  of  the 
coast,  and  harlwr  charts;  tide  tables  i.ssue<l  annually,  in  advance;  Coast  Pilots, 
witli  sailing  directions  covering  the  navigable  waters;  Notices  to  Mariners, 
issued  monthly  and  containing  current  information  necessary  for  safe  naviga. 
tion;  catalogues  of  charts  an<l  publications,  and  such  other  special  pubhcations 
as  may  be  retiuirwl  to  carry  out  the  organic  law  governing  the  Survey. *' 

It  is  because  of  the  vastness  of  the  subject  that  this  paper  is  in- 
tended to  touch  upon  present  progress,  conditions,  and  problems 
only  and  much  that  would  Ix?  of  interest  and  importance  must  l>e 
omitted. 

The  principal  business  of  the  Survey  is  making  charts  of  the  coasts. 
If  there  were  no  changes  in  the  depth  of  channels,  if  the  artificial 
aids  to  navigation  remained  fixed  and  unchanged,  if  th(»  aspect  of 
the  shores  from  the  navigator's  viewpoint  remained  the  same,  if  the 
draft  of  vessels  remained  the  same,  if  the  variation  of  the  compass 
remained  the  same,  if,  in  short,  things  were  not  as  they  are  on  this 
changing  globe  or  the  worhl  wen*  commercially  fo.ssilized,  a  survey 
once  made  woidd  last  forever.    Tiie  actual  facts  an*  different. 

Time  was  when  it  was  a  matter  of  small  coucctu  what  dangers  to 
navigation  might  lurk  at  a  depth  of  more  than  20  feet,  but  with  the 
increased  size  and  draft  of  ves.sels  and  their  enormous  cost,  a  revision 
and  r(H}xaminati(m  of  much  of  the  old  hy(lrograi>hy  by  new  methods 
has  become  nec(*.ssary.  The  channel  swec^j)  and  wire  drag  now  sup- 
plement the  lead.  Aft<Tthe.^enew  appliances  have  swept  the  bottom 
the  Survey  may  lo.')k  with  ecjuanimity  on  the  evolutions  of  ten-million 
dollar  battleships  in  our  waters. 

With  every  new  chart  that  is  pid)li.^hed  th(»(  )ffice  a.ssumes  the  rcspou- 
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the  triangulation  has  been  referred  to  Clarke's  spheroid  on  which 
this  particular  point  has  a  definite  position. 

Not  only  the  Coast  and  Geodetic  Survey  triangulation,  but  that  of 
the  Lake  Survey  also,  has  been  referred  to  this  datum  and  wherever 
the  topographic  work  of  the  Geological  Survey  has  been  connected 
with  the  triangulation  of  the  C'oast  and  Geodetic  Survey  it  is  equally 
referable  to  this  datum.  In  this  way  has  been  achieved  a  homo- 
geneous system  of  geographical  coordinates  for  the  vast  domain  of 
the  United  States,  and  it  is  not  unlikely  that  C'anada  and  Mexico 
will  continue  the  same  svstem. 

It  is  not  necessary  to  point  out  to  engineers  the  practical  value  of 
a  trigonometric  survey.  New  uses  for  it  continually  arise.  Witness 
the  cadastral  survey  of  Greater  New  York  which  is  based  on  U.  S. 
triangulation.  The  Oyster  Surveys  of  the  various  States  utilize  the 
trigonometric  points  for  the  delimitation  of  the  oyster-beds.  The 
Coast  Artillery  is  supplied  with  data  which  are  used  for  fire  control, 
and,  in  general,  the  network  of  triangulation  forms  a  basis  for  co- 
ordinating all  topographic  and  economic  surveys,  and  thus  the  work 
accomplished  is  forever  increasing  in  value  and  usefulness. 

Among  the  unforeseen  applications  was  the  demonstration  of  the 
precise  amount  of  the  displacement  of  the  earth's  surface,  by  the 
San  Francisco  Earthquake  along  the  fault  line,  and  the  extent  of 
the  movement  at  right  angles  to  it. 

Until  about  six  years  ago  the  method  of  deriving  the  figure  and 
size  of  the  earth  from  triangulation  was  to  deduce  it  from  measured 
arcs  of  parallels  and  meridians.  That  is,  after  tlie  length  of  a  meri- 
dional arc  or  i)arallel  had  been  measured,  the  angle  which  its  termini 
subtended  was  astronomically  determined.  But  owing  to  the  irregu- 
lar distribution  of  masses  on  and  within  the  earth's  crust  the  actual 
direction  of  the  Zenith  differed  from  the  geometrical  Zenith  of  the 
spheroid  of  r(»f(Tence.  This  well-known  error,  calle<l  the  deflection 
of  the  plumb  line,  was  assumed  to  average  out  in  a  large  number  of 
arc  measurements.    At  any  rate  no  correction  for  it  was  applied. 

A  great  many  years  ago.  Archdeacon  Pratt,  while  studying  the 
pendulum  observations  made  in  India,  reached  the  conclusion  that 
wherever  there  were  visible  mountain  masses  such  as  the  Himalayas 
there  was  a  corresponding  defect  of  mass  in  the  earth  beneath,  but 
it  was  reserved  for  the  Cos^si  and  Geodetic  Survev  to  extend  and 
apply  this  theory  in  the  computation  of  the  size  of  tlie  earth  from  arc 
measurements  by  introducing  into  Geodesy  what  is  now  known  as 
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The  International  Geodetic  Association. — To  make  a  new  epoch  in 
science  is  no  mean  achievement;  but  mention  has  already  been  made 
of  the  compliment  paid  to  the  Americans  at  the  last  meeting  of  the 
association  in  London.  This  association  exists  by  virtue  of  a  formal 
convention  between  the  great  powers  of  the  world.  It  is  an  official 
organization  whose  object  is  to  promote  knowledge  of  the  size  and 
figure  of  the  earth.  Canada,  the  United  States,  Mexico,  and  Argen- 
tina belong  to  it.  So  do  Japan  and,  practically,  all  the  powers  of 
Europe.  It  is  one  of  the  oldest  of  international  scientific  associations. 
The  delegates  to  the  meetings  report  progress,  and  compare  methods 
and  results,  and  endeavor  to  strengthen  such  undertakings  as  the 
Cape  to  Cairo  Arc  of  the  Meridian  and  the  junction  of  the  Great 
Trigonometric  Survey  of  India  with  the  Russian  Survey.  To  carry 
out  this  last  piece  of  work  the  association  covets  the  cooperation  of 
China  and  hopes  that  that  ancient  empire  will  ultimately  join  the 
other  powers  in  the  undertaking. 

Among  the  tasks  undertaken  by  the  association  is  the  determination 
of  the  variation  of  latitude.  For  this  purpose,  it  maintains  six  small 
observatories  in  the  northern  hemisphere,  two  of  which  are  in  this 
country  and  are  under  the  direction  of  the  Superintendent  of  the 
Coast  and  Geodetic  Survev. 

Two  years  ago  the  astronomer  in  charge  of  the  Observatory  at 
Gaithersl^urg,  Md.,  proposed  the  construction  of  a  Zenith  tube  for 
photographically  determining  the  variation  of  latitude  and,  at  the 
author's  request,  the  association  gave  about  §2500  for  the  purpose. 
The  instrument  was  constructed  in  this  count rv,  lias  l)een  mounted, 
and  the  preliminary  results  indicate  that  a  step  in  advance  has  been 
taken  by  securing  a  higher  degree  of  accuracy,  than  was  before 
attainable,  with  a  considerable  simplification  of  methods. 

The  association  meets  once  in  three  years  and  the  principal  coun- 
tries in  Europe  have  vied  with  each  other  in  extending  invitations  for 
meeting  in  their  capitals.  Although  the  Coast  and  G(H)detic  Surve}' 
hw<  taken  an  honorable  part  in  these  meetings  it  has  never  had  the 
privilege  of  extending  the  hospitality  of  this  country  to  the  associa- 
tion. Mention  of  this  fact  is  made  with  the  same  embarrassment  that 
the  author  feels  in  representing  a  great  nation  at  such  meetings^ 
and  having  to  maintain  silence  when  the  diflerent  nations  of  Europe 
are  competing  for  the  place  of  meeting. 

The  Geodetic  Level. — Fig.  2  shows  a  picture  of  th(»  leveling  instru- 
ment, developed  in  the  Coast  Survey,  with  which  nearly  all  engineers 
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Trigonometric  Survey  of  India  shows  that  a  Commission  was  ap- 
pointed to  report  on  its  merits,  and  that  as  a  result  of  the  report 
all  their  parties  will  soon  be  equipped  with  it. 

The  Coast  Survey  is  not  the  only  government  agency  engaged  in 
leveling.    The  Survey  confines  itself  to  running  standard  lines  which 
it  connects  with  mean  sea-level,  at  various  points  along  the  coasts, 
the  datum  planes  being  derived  from  long  series  of  tidal  observations. 
The  cooperation  between  various  agencies  of  the  government  is 
shown  by  the  fact  that  all  the  principal  lines  of  level,  those  by  the 
Geological  Survey,  by  the  Deep  Waterways  Commission,  the  Missis- 
sippi and  Missouri  River  Commissions,  and  by  the  Lake  Survey,  are 
utilized  by  the  Coast  and  Geodetic  Survey  in  a  general  adjustment 
which  will  serve  for  all  time  as  the  basis  of  heights  in  this  country. 
The  value  of  this  work  will  continue  to  increase  from  generation  to 
generation.     The  elevations  of  the  bench  marks  in  the  precise  level 
net  east  of  the  Mississippi  River  will  be  held  as  published,  while  the 
next  adjustment  will  fix  the  final  elevations  of  the  bench  marks  in 
the  net  of  precise  leveling  to  the  westward  of  that  river. 

One  phase  of  leveling,  which  is  of  scientific  interest,  was  connecting 
the  mean  tide  level  at  San  Diego  with  mean  tide  level  at  Seattle, 
where  a  difference  of  over  3  feet  was  found.  Had  the  levels  been 
run  along  the  sea-shore  from  San  Diego  to  Seattle,  no  difference 
would  have  developed  assuming  the  work  to  have  been  accurately 
done.  But  as  the  lines  were  run  up  to  and  over  high  plateaus  in  the 
interior,  and  down  again,  it  was  found  that  the  ortliometric  correc- 
tion had  to  be  applied,  and  this  brought  the  operations  into  perfect 
accord.  That  is,  the  apparent  difference  of  level  was  due  to  the  route 
followed.  This  results  from  the  consideration  that  two  water-level 
surfaces,  one  above  the  other,  will  not  be  parallel  as  one  travels  north 
or  south.  In  running  east  and  west  it  makes  no  difference,  but  in 
running  north  and  south  this  becomes  a  measurable  quantity. 

Our  Northern  Boundaries. — The  Superintendent  of  the  Coast  and 
Geodetic  Survey  is  Commissioner  for  the  demarcation  of  the  Alaskan 
boundary,  and  for  that  portion  of  the  northern  l)oundary  of  the 
United  States  extending  from  the  Pacific  Ocean  to  the  Bay  of  Fundy, 
with  the  exception  of  the  boundary  running  through  the  Great  Lakes. 
The  beginning  of  the  settlement  of  the  boundary,  through  Passa- 
maquoddy  Bay,  goes  back  to  the  Treaty  of  Peace  of  1782;  the  settle- 
ment of  disputed  questions  was  again  provided  for,  in  the  Treaty  of 
Ghent,  in  1814,  but  certain  portions  of  the  line  were  not  settled  until 
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with  it  irritating  questions  as  to  the  precise  location  of  the  boundary 
line.  For  the  settlement  of  these  questions  a  joint  treaty  covering 
the  boundary  from  end  to  end  was  exchanged  and  ratified,  in  1906, 
although  prior  to  that  time  an  international  commission  had  been  at 
work  in  a  less  formal  way  in  restoring  old  monuments  and  tracing 
the  boundary  where  international  questions  had  made  it  necessary. 
The  triangulation  has  been  extended  from  the  Pacific  Ocean  to  the 
summit  of  the  Rocky  Mountains,  and  this  part  of  the  line  has  been 
monumented  with  aluminum  bronze  monuments,  as  shown  in  Fig.  3. 

To  the  east  of  the  Rocky  Mountains  this  same  thing  has  been 
done,  at  the  present  time,  to  within  100  miles  of  the  Lake  of  the  Woods, 
and  the  whole  boundary  has  been  carefully  mapped,  for  a  short 
distance,  on  each  side  of  the  line.  Progress  has  also  been  made  in 
surveying  the  thickly  wooded  region  extending  from  Lake  Superior 
to  the  Lake  of  the  Woods,  and  further  to  the  east  the  monumenting 
and  surveying  is  in  progress  along  the  northern  boundary  of  Maine. 

All  this  work  is  done  by  international  cooperation,  under  two  com- 
missioners, one  representing  (ireat  Britain  and  the  other  the  United 
States. 

Probably  more  has  been  said  of  the  demarcation  of  the  Alaskan 
boundary  than  of  this  northern  boundary.  The  Alaskan  boundary 
work  has  been  going  on  simultaneously  ever  since  the  tribunal,  in 
London,  in  1903,  settled  the  vexed  question  of  the  location  of  the 
southeastern  boundary  of  Alaska.  The  greater  portion  of  this  line 
runs  from  mountain  peak  to  mountain  peak  over  inaccessible  fields 
of  snow  and  ice.  Starting  on  the  I41st  meridian,  a  little  to  the  west 
of  Mount  St.  Elias,  the  line  follows  these  Alpine  sunmiits  to  the  head 
of  Portland  Canal,  and  down  that  canal  to  the  vicinity  of  the  his- 
toric parallel  '*  Fifty-four,  forty,  or  fight,"  and  thence  to  the  Pacific. 
Wherever  it  was  possible  to  place  monuments  it  was  done,  especially 
at  all  river  crossings  in  the  passes;  all  of  the  mountain  peaks  were 
trigonoHK^trically  located  and  the  region  wa.s  mapped  phototopo- 
graphically.  From  photographs  taken  at  determined  trigonometric 
points  maps  were  made  by  geometric  construction.  It  is  hardly 
necessary  to  say  that  the  reports  of  tlie  surveyors,  who  conducted 
this  difficult  and  hazardous  (enterprise,  are  full  of  thrilling  adventure, 
l)Ut  onlv  two  liv(»s  have  so  far  been  sacrificed.  Manv  of  the  men 
had  the  unpleasant  exf)erieiic(»  of  dropping  into  glacial  chasms,  from 
which  they  were  rescued,  but  the  two  men  who  lost  th(Mr  lives  fell 
into  an  abv.^s  and  their  bodies  were  never  recovered.    The  field  work 


38 


Tittnmnn — Activities  of  Coast  and  Geodetic  Survey. 


spans  the  boundary  and  the  topographic  mapping  of  a  strip  about  two 
miles  wide  on  each  side  of  it.  Aside  from  the  immediate  purp>ose  of 
the  delimitation,  this  work  will  serve  as  an  admirable  basis  for  co- 


,',/ 


-/ 


"^^^^ 


I 


ALUMINUM-BRONZE  MONUMCN7 
FOR  THE. 

DEMARC\TION 

or  THE 

ALASKAN   BOUNDARY 

I 


Fig.  1). 


ordinating  the  land  ami  economic  surveys  which  will  follow  in  another 
generation  or  two. 

Fig.  5  shows  the  southern  limit  of  the  work  which  has  l)cen  accom- 
plished. It  is  only  a  provisional  limit  for  it  ^ill  l>e  necessary  to  ro 
about   00   miles  farther  south,  through  the  mountainous  ice  field 


40  Tittmann — Activities  of  Coast  and  Geodetic  Survey. 

are  looking  with  great  interest  toward  those  who  are  trying  to  develop  in  govern- 
mental institutions  the  strong  scientific  features  which  will  tend  to  make  our 
American  civilization  stal)le. 

Professor  Tittmann  has  been  giving  a  brief  account  of  the  vast  enterprises 
over  which  he  presides,  and  I  think  we  should  extend  our  sympathy,  and  at  the 
same  time  our  hearty  congratulations  to  him  and  his  co-workers  for  such  high 
effort  toward  making  the  United  States  notable,  not  for  its  ''spread-eagleism," 
but  for  its  scientific  enterprise. 

E.  L.  Ingram  (member). — In  1891-95  I  had  the  laying-out  of  about  500  miles 
of  the  boundary  line  between  the  United  States  and  Mexico,  from  El  Paso  to  the 
Pacific  Ocean,  and,  although  the  country  we  passed  through  was  bad  enough,  it 
was  not  as  bad  as  the  country  we  have  seen  on  the  screen  to-night.  From  a 
technical  point  of  view,  I  think  the  most  interesting  question  with  which  we 
were  concerned  was,  Wliat  is  meant  by  a  straight  line  on  a  spheroid?  A  straight 
line  on  a  sphere  is  understood  by  surveyors  to  mean  the  aic  of  a  gieat  circle, 
but  this  definition  is  not  applicable  to  a  spheroid,  which  for  practical  purposes 
may  be  regarded  as  the  shape  of  the  earth.  A  line  500  miles  long  may  vary  in 
location  as  much  as  10  feet  at  the  center,  according  to  the  definition  adopted  for 
a  straight  line.  The  boundary  which  we  were  locating  had  two  lines,  one  260 
miles  long  and  one  150  miles  long,  which  by  treaty  were  required  to  be  straight. 
I  think  we  spent  about  three  days  in  (liscu.><sion  and  computation  on  this  phase 
of  the  subject,  and  then  found  that  as  far  as  our  lines  were  concerned  the  pos- 
sible variation  under  any  accepted  definition  of  a  straight  line  would  be  less 
than  a  single  inch,  whi{;h  was  much  less  than  the  probable  errors  of  location. 

There  was  one  point  brought  out  Ijy  Professors  Tittmann  and  Doolittle,  which 
is  of  considerable  interest  to  geodesists,  and  that  is  the  question  of  the  variation 
of  latitude.  The  rei)()rts  tliat  appear  in  the  scientific  journals  from  time  to  time 
are  more  or  h^s  indefinite  and  obscure.  The  general  sense  of  these  reports  seems 
to  be  that  the  poles  of  the  earth  are  not  fixed,  but  peiform  what  may  be  called 
a  revolution  around  a  mean  point  in  an  average  i)eriod  of  about  425  days,  with 
a  radius  varying  from  0.10  seconds  (10.3  feet)  to  0.30  seconds  (36.3  feet),  the 
path  of  the  moving  poles  being  irregular  and  different  on  each  successive  revolu- 
tion. The  result  of  the  constant  shifting  of  the  poles  not  only  causes  continual 
variation  in  the  latitude  of  any  given  point,  but  all  latitudes,  longitudes,  and 
azimuths  become  variabl(»  quantities.  sul)ject  to  an  uncciising  oscillation  about 
their  mean  value.  1  would  like  to  ask  Profe.s.sors  Tittmann  and  Doolittle  how  far 
my  statement  of  the  viiso  is  correct,  in  the  light  of  present  knowledge,  and  what 
additional  information  may  be  available. 

C.  L.  Doolittle  (vi.sitor). — I  was  connected  with  the  survey  of  the  northern 
boundary,  from  the  Lake  of  the  Woods  to  the  Rocky  Mountains,  from  1873  to 
1874-75.  when  the  work  was  done,  and  much  of  what  Prof.  Tittmann  has  been 
teUing  us  is  quite  familiar  to  me  as  1  have  been  over  the  ground  myself.  The 
work  the  Uoast  Survey  is  doing  now  is  to  restore  the  monuments  of  the  bound- 
ary as  w(?  marked  it. 

I  was  much  interesteil  in  the  accuracy  with  whicli  those  monuments  could 
be  placed.  In  the  determination  of  the  parallel  we  made  ob.servations  for  lati- 
tude, which  fixe<l  a  point  on  this  parallel.  We  then  ran  the  tangent,  as  we 
called  it,  to  the  next  station,  20  miles  or  so  distant.    The  offsets  from  the  tangent 
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to  the  boundary  adopted  were  the  combination  of  the  curvature  of  the  parallel  ^ith 
the  amount  of  station  error,  the  latter  due  to  local  deviations  of  the  plumb  line. 
You  never  get  a  plumb  line  which  will  be  an  exact  normal  to  the  surface.  There 
will  always  l)e  a  deviation ;  we  never  found  a  case  where  there  was  not  considerable 
deviation.  This  question  of  variation  of  latitude,  which  Professor  Tittmann  has 
been  talking  about,  and  which  I  have  been  working  on  for  the  last  twenty-five 
or  thirty  years,  will  give  us  a  range  from  50  to  60  feet,  and  on  this  account,  if 
I  determine  the  latitude  today,  and  I  determine  it  six  or  seven  months  from 
now  with  absolute  precision,  I  would  likely  get  a  point  of  40  or  50,  or  in  extreme 
cases,  60  feet  from  the  point  I  occupied  l)efore.  Some  one  has  said  in  regard  to  the 
49th  parallel  that  there  is  a  strip  of  50  or  60  feet  wide  that  belongs  alternately 
to  one  country  and  the  other.  In  other  words,  the  boundarj'  varies  50  or  60 
feet. 

I  think  Professor  Ingram's  question  can  be  readily  answered,  for  I  would  say 
that  we  know  very  little  about  it.  We  know  what  is  taking  place,  but  as  to  the 
cause  of  it,  and  as  for  formulating  a  law  for  it.  if  we  could  predict  what  is  going  to 
happen  ten  years  from  now  tliLs  might  be  {)ossiblo,  but  we  know  very  well  we 
cannot.  \Vc  thought  some  years  ago  that  we  were  in  line  with  the  direct  solution 
of  this  problem.  The  theory  is  very  definite,  and  was  worked  out  long  ago  by 
Prof.  Euler,  who  established,  theoretically,  that  there  ought  to  be  such  a  varia- 
tion, and,  assuming  the  earth  to  be  a  rigid  body,  he  found  a  period  of  about 
10  months;  efforts  were  made  for  a  long  time  to  discover. such  a  period  or  such 
a  variation,  but  all  of  the  attempts,  as  far  as  I  know,  were  based  on  the  supposi- 
tion that  the  period  was  10  months. 

Well,  different  one^s  had  more  or  less  to  do  with  it  and  I  think  I  was  a  sort  of 
pioneer  in  that  direction  myself.  Instead  of  working  at  this  theory  I  tried,  by 
observation,  to  find  out  what  was  taking  place.  Professor  Chandler,  of  Cambridge, 
who  was  more  prominently  connected  with  it  in  those  days  than  anybody  else, 
published  with  a  good  deal  of  confidence  a  conclusion  that  he  had  reached  as  a 
result  of  the  analysis  of  many  thousands  of  observations  made  at  various  places, 
that  the  variation  had  a  period  of  about  14  months  instead  of  10  months,  but  that 
superimposed  on  that  was  another  period  of  one  year,  and  that  the  combination 
of  the  two  produced  the  changes  and  irregularities  that  Professor  Ingram  referred 
to.  This  hypothesis  can  be  made  to  fit  the  observations  for  a  considerable  period 
but  it  does  not  follow  on  to  predict  what  is  going  to  happen.  You  can  take  obser- 
vations and  fit  su(^h  a  curve  to  them  but,  if  exterpolated  a  year  or  two  ahead,  it 
will  not  fit  the  observations  at  all.  At  present  it  is  impossil)le  to  predict  the  posi- 
tion of  the  actual  pole  in  regard  to  the  mean  pole.  It  appears  to  depend,  to  some 
extent  at  least,  on  meteorological  causes,  and  if  that  really  has  much  to  do  with 
it,  it  would  be  a  proposition  on  the  same  orderof  difficulty  as  predicting  the  weather 
for  long  periods  ahead.  When  we  are  al)le  to  solve  this  problem  perhaps  we 
may  attack  this  latitude  problem  with  some  hope  of  success. 
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Regular  Meetinc;,  October  18,  1911. — Present:  President  Hess,  Vice- 
President  Hutchinson,  Directors  Mebus,  Swaab,  Wood,  Kerrick,  Worley,  Develin, 
Gilpin,  Vogleson,  Haldeman,  the  Secretary  and  tlie  Treasurer. 

It  was  ordered  that  a  special  memorial  of  our  late  President,  James  Christie^ 
be  reprinted  from  the  Proceedings  of  the  Club,  and  specially  bound.  The  execu- 
tion of  this  was  left  to  the  Committee  on  Publication. 

The  committee  on  the  regulation  of  smoking  in  the  meeting-room  present^ 
a  progress  report. 

The  Secretary  presented  a  report  of  the  financial  condition  of  the  Club, 
which  showed  a  gain  in  operating  expenses  for  the  first  nine  months  of  the  year 
of  $828.79. 

The  matters  of  depreciation  and  insurance  were  discussed,  and  were  referred 
to  the  Finance  Committee,  to  report  at  the  next  meeting  of  the  Board  of  Direct- 
ors. 

It  was  ordered  that  a  Committee  be  appointed  to  prepare  a  method  of  pro- 
cedure to  be  followed  in  regard  to  delinquent  accounts. 

It  was  moved  and  carried  that  the  cre<iit  of  all  members  of  the  Club  be  abso- 
lutely limited  to  $50.00,  except  that  the  room  rent  of  permanent  residents  of  the 
(/lub  house  be  not  included  in  this  amount. 

Mr.  Worley  presented  correspondence  received  from  Mr.  Hering,  making 
certain  complaints  in  the  management  of  the  house. 

It  was  moved  and  carried  that  the  Plouse  (Committee  be  informed  that  it 
was  the  sense  of  the  meeting  that  monthly  rates  be  charged  for  rooms  when  the 
occupancy  exceeded  a  month. 

Mr.  C.  A.  Albrecht's  resignation  was  accepted,  as  of  July  1,  1911,  provided 
his  account  prior  to  that  time  be  settled  in  full. 

The  following  resignations  were  also  rea<l  and  accepted:  Walter  C.  Kennedy, 
John  Ileilly,  Jr.,  John  M.  Weiss,  and  R.  C.  Williams,  Jr. 

It  was  ordered  that  a  sum  not  excee^ling  $125.00  be  appropriated  to  the 
Entertainment  Committee  to  give  a  Club  Smoker,  on  November  11,  1911. 

It  was  ordered  that  the  regular  meetings  of  the  Board  in  the  future  be  held 
on  the  Thursday  preceding  the  second  meeting  of  the  Club  in  each  month. 

llECjrLAR  Meeting,  November  16,  1911. — Present:  President  Hess,  Vice- 
Presidents  Plack  and  Hutchinson.  Directors  Swaab,  Wood,  Worley,  Cooke» 
Devclin,  Gilpin,  Vogleson,  Haldeman,  the  Secretary  and  the  Treasurer. 

The  Secretary  presented  a  statement  of  the  financial  condition  of  the  Club, 
which  showed  a  gain  in  operating  expenses  for  the  first  ten  months  of  the  year 
of  $655.90. 

The  matter  of  delin(|uent  accoimts  was  discussed  at  some  length. 

Mr.  F.  H.  Stier  was  a(l<led  to  the  Committee  on  Delin(^uent  Accounts,  making 


44  Abstract  of  Minutes  of  the  Club, 


ABSTRACT  OF  MINUTES  OF  THE  CLUB. 

Business  Meetincj,  iSept<?mber  16,  1911. — The  meeting  was  called  to  order 
by  President  Hess,  at  8.30  v.  m.,  with  62  members  and  visitors  in  attendance. 
The  minutes  of  the  Regular  Meeting,  of  June  3rd,  were  approved  as  printed  in 
abstract. 

The  Committee  on  Nominations,  viz.,  \Vm.  Kasby,  Jr.,  chairman;  H.  H. 
Quimby,  J.  C.  Wagner,  W.  B.  Riegner,  Herbert  Rice.  H.  E.  Ehlers  and  Wm.  C. 
Kerr,  proposed  by  tlie  Board  of  Directors,  at  the  meeting  of  the  Club  on  June 
3rd,  was  approved. 

A  Memorial  of  the  late  James  (liristie,  prepared  by  Dr.  Henry  Ix?ffmann  and 
Mr.  John  C.  Trautwine,  Jr.,  was  i)re.scnted  l)y  Dr.  Leffmann. 

It  was  announcwl  that  at  the  Regular  Met^ting  of  the  Board  of  Directors, 
held  Septem})er  5th,  Mr.  Henry  Hess  had  l>een  elected  President  of  the  Club, 
Mr.  Edward  8.  Hutchinson  elected  as  first  Vice-President,  and  Mr.  B.  A.  Halde- 
man  meml)er  of  the  Board,  all  these  elections  for  terms  to  expire  February,  1912. 

Dr.  David  8.  Flynn,  Sanitary  Expert  of  the  Catskill  Aciueduct  Commission, 
presented  the  paper  of  the  evening,  entitled,  "The  Sanitary  Supervision  of  the 
Catskill  Aqueduct,''  which  was  discusvSed  by  Messrs.  E.  S.  Hutchinson,  H.  C 
Berry,  Henry  Leffmann,  Robert  Schmitz,  S.  M.  Swaab,  and  others. 

l^pon  motion  of  Dr.  Leffmann,  a  vote  of  thanks  was  extended  to  Dr.  Flynn. 

Business  Meeting.  October  7,  1911. — The  meeting  was  called  to  order  by 
President  Hess,  at  8.30  p.  m.,  with  92  members  and  visitors  in  attendance.  The 
minutes  of  the  Business  Meeting,  of  September  16th,  were  approved  as  printed 
in  al)stract. 

Following  a  report  of  the  Tellers,  the  President  declared  the  following  elected 
to  membership  in  the  Club:  Associate,  Charles  Wilke,  Jvniior.  William  L. 
Brown  and  Walter  S.  Crowcll. 

Mr.  C.  J.  Ramsburg  presented  the  paper  of  the  evening,  entitled,  "Gas  Pro- 
duction with  Special  Reference  to  the  Manufacture  and  Distribution  of  Illum- 
inating ( Jas  in  Cities,"  which  was  discu.ssed  by  Messrs.  H.  H.  Quimby,  Robert 
Schmitz,  W.  P.  Dallett,  Carl  Hering,  Henry  LefTmann,  John  C.  Trautwine,  Jr., 
Harri.son  Soudcr,  and  others. 

Upon  motion  of  Mr.  E.  M.  Evans,  a  vote  of  thanks  was  extended  to  Mr. 
Ramsburg. 

Recjilak  MEKTiNd,  October  21,  1911.— The  meeting  was  called  to  order  by 
Vice-President  Hutchinson,  at  S.25  i».  .m.,  with  1S9  members  and  visitors  in 
attendance.  The  minutes  of  the  Business  Meeting,  of  October  7th,  were  approved 
as  printed  in  abstract. 

Mr.  John  W.  J-,edoux  presented  the  paper  of  the  evening,  entitled,  "The 
Failure  of  the  Austin  Dam,''  which  was  discu.s.^(Ml  by  Messrs.  Edwin  F.  Smith, 
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Carl  P.  Birkinbine,  John  C.  Trautwinc,  Jr.,  J.  E.  Gibson,  George  S.  Webster, 
Manton  E.  Hibbs,  and  others. 

Following  the  discussion,  it  was  moved  and  carried  that  a  committee  of  the 
meeting  be  appointed  by  the  Chair  to  consider  the  discussion  relating  to  the  subject 
of  Governmental  Control  of  the  Construction  of  Dams  in  Pennsylvania,  and 
to  report  at  the  next  business  meeting  of  the  Club.  The  Chair  then  appointed 
the  following  Committee:  Edwin  F.  Smith,  Chairman;  John  C.  Trautwine, 
Jr.,  John  W.  Ledoux. 

BusiNEvSS  Meeting,  November  4,  1911. — The  meeting  was  called  to  order  by 
President  Hess,  at  8.30  p.  m.,  with  102  members  and  visitors  in  attendance. 
The  minutes  of  the  Regular  Meeting,  of  October  21st,  were  approved  as  printed 
in  abstract.  The  Committee  on  Governmental  Control  of  the  Construction  of 
Dams  in  Pennsylvania  presented  a  progress  report,  and  stated  that  it  would 
probably  present  its  final  report  at  the  next  meeting  of  the  Club.  Mr.  John 
Birkinbine  spoke  briefly  on  this  subject. 

Prof.  O.  H.  Tittmann,  Superintendent  of  the  Coast  and  Geodetic  Survey, 
presented  the  paper  of  the  evening,  entitled,  "The  Present  Activities  and  Progress 
of  the  Coast  and  Geodetic  Survey,"  which  was  discussed  by  Mr.  E.  M.  Nichols, 
Prof.  Doolittle,  Prof.  Snyder,  Mr.  John  C.  Trautwine,  Jr.,  Prof.  Ingram,  an<l 
others. 

It  was  moved  by  Mr.  Trautwine  and  carried  that,  in  thanking  Prof.  Tittmann 
for  his  interesting  paper,  a  message  of  appreciation  and  congratulation  be  given 
to  him  and  his  associates  for  the  advances  made  in  the  work  of  the  survey. 

Business  Meeting,  November  18,  1911. — The  meeting  was  called  to  order 
by  President  Hess,  at  8.30  p.  m.,  with  72  members  and  visitors  in  attendance. 
The  minutes  of  the  Business  Meeting,  of  November  4tli,  were  approve<l  as  printed 
in  abstract. 

The  Committee  on  Governmental  Control  of  the  Construction  of  Dams  in 
Pennsylvania  presented  both  a  majority  and  a  minority  report.     Following  a 
brief  discussion,  it  was  ordered  that  botli  the  discussion  and  the  action  upon 
these  reports  be  laid  over  to  a  special  meeting  of  the  Club,  to  be  held  on  Saturday 
December  9th. 

The  Committee  on  Nominations  presented  the  following  nominations  for 
officers  of  the  Club  for  the  year  1912:  President,  Henry  Hess;  Vice-President, 
Charles  F.  Mebus;  Secretary,  W.  P.  Taylor;  Treasurer,  F.  H.  Stier;  Directors, 
H.  C.  Berry,  B.  A.  Haldeman,  S.  M.  Swaab,  D.  II.  Yarnall. 

Mr.  J.  C.  Meem  presented  the  paper  of  the  evening,  entitled,  "The  Theory 
of  Earth  Pressure,"  which  was  discussed  by  Mr.  H.  H.  (Juimby,  Dr.  H.  M. 
Chance,  and  others. 

Upon  motion  of  Dr.  Chance,  a  vote  of  thanks  was  exten(ie<l  to  Mr.  Meem. 

Business  Meeting,  December  2,  1911. — The  meeting  was  called  to  order  by 
President  Hess,  at  8.30  p.  m.,  with  64  members  and  visitors  in  attendance.  The 
minutes  of  the  Business  Meeting,  of  November  18th,  were  approved  as  printed 
in  abstract. 

Following  a  report  of  the  Tellers,  the  President  declared  the  following  elected 
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to  membership:  Active,  John  B.  Dilworth,  John  J.  Gartland,  Jr.;  Associate, 
Jared  S.  Kenyon;  Junior,  Ernest  Hagenlocher. 

Mr.  Arthur  P.  Davis,  Chief  Eniajineer  of  the  U.  S.  Reclamation  Service, 
presented  the  paper  of  the  evening,  entitled,  "Reclamation  Eng;ineering  in 
Russian  Turkestan,"  which  was  followed  by  a  short  discussion  by  Messrs.  W.  C. 
Furber,  E.  M.  Nichols,  and  others. 

I'pon  motion  of  Mr.  Nichols,  a  vote  of  thanks  was  extended  to  Mr.  Davis. 

Special  Meeting,  December  9,  1911. — The  meeting  was  called  to  order  by 
Vice-President  Plack,  at  8.30  p.  m.,  with  48  members  and  visitors  in  attend- 
ance. The  majority  and  minority  reports  of  the  Committee  on  Governmental 
Control  of  the  Construction  of  Dams  in  Pennsylvania  were  brought  up  for  con- 
sideration, and,  following  a  disciLssion  in  which  the  following  took  part — Edwin 
F.  Smith,  J.  C.  Trautwine,  Jr.,  J.  W.  Lcdoux,  J.  C.  Parker,  John  Birkinbine, 
Henry  LefTmann,  J.  E.  Gibson,  Manton  E.  Hibbs,  G.  S.  Cheyney,  H.  H.  Quimby, 
J.  W.  Hunter,  and  others — the  following  resolution  was  adopted: 

Where.vs,  the  failure  of  the  Bayhss  Pulp  and  Paper  Company's  Dam  on  Free- 
man's Creek,  above  Austin,  Pa.,  on  September  30,  1911,  calls  attention  to  the 
importance  of  insuring  the  safety  of  such  structures  where  failure  is  a  serious 
menace  to  human  life.     Therefore,  be  it 

Resolved,  that  such  structures  should  be  entrusted  only  to  engineers  of  ability 
and  experience,  who  should  have  constant  supervision  of  every  phase  of  the  con- 
struction;  and,  be  it  further 

Resolredj  that  the  Governor  of  the  State  is,  therefore,  requested  to  call  together 
a  special  Commission  of  competent  engineers,  aided  by  legal  talent,  to  frame  com- 
prehensive regulations  providing  for  the  creation  of  a  State  Department  of  Public 
Works,  to  be  composed  of  bureaus  so  constituted  that  their  combined  jurisdictions 
should  cover  not  only  the  construction  of  dams  but  all  other  engineering  con- 
tingencies Ukely  to  arise  in  the  near  future. 

It  was  further  ordered  that  a  copy  of  this  resolution  be  sent  to  the  Governor  of 
Pennsylvania. 

Business  Meeting,  December  16.  1911. — The  meeting  was  called  to  order  by 
President  Hess,  at  8.30  p.  m.,  with  76  members  and  visitors  in  attendance.  The 
minutes  of  the  BiLsiness  Meeting,  of  December  2nrl,  were  approved  as  printed 
in  abstract. 

Mr.  Robert  Schmitz  presented  the  following  resolution  for  discussion  at  the 
next  meeting  of  the  Club:  "That  the  other  engineering  .sorietie^s  and  clubs  in  this 
State  be  asked  to  consider  resolutions  on  the  governmental  control  of  engineering 
structure's,  and,  if  possible,  that  their  co()pcration  be  obtained  in  securing  legis- 
lation in  this  matter." 

Prof.  Gardner  S.  Williams  presented  the  paper  of  the  evening,  entitled,  "The 
Water  Power  Plant  of  the  City  of  Sturgis,  Michigan,"  which  wiis  discussed  by 
Messrs.  J.  C.  Trautwine,  Jr.,  H.  M.  Chance,  J.  E.  (iibson,  Robert  Schmitz,  and 
others. 

On  motion  of  Mr.  Webb,  a  vote  of  thanks  was  extended  to  Prof.  Williams  for  his 
interesting  paper. 
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same*  ntuiK*.  To  the  engineer,  energ\'  is  a  physically  measurable 
(luantity,  best  known  to  us  as  mechanical  work.  As  cheinistn* 
teach(»s  that  coal,  graphite,  and  carbon  all  represent  the  same  sul> 
stance,  carbon,  insofar  as  each  of  these  may  be  changed  into  the  other, 
so  does  physics  teach  that  mechanical  work  may  be  changed  into 
heat,  light,  el(»ctricity,  chemical  effects,  etc.  As  impossible  as  it  is 
to  increase*  or  decn^ase  a  given  (juantity  of  carbon  by  the  mast  com- 
plicated transformations,  so  im])ossible  is  it  to  increase  or  decrea.se 
a  given  amount  of  work  by  the  most  intricate  transformations. 
For  both  there  rules  the  law  of  conservation.  That  which  'we  can 
neith(»r  create  nor  destroy  we  call  a  substance;  thus  the  chemical 
elements  have  the  character  of  substances,  as  have  also  work  and  its 
transf(»rmation  pnxlucts.  Thes(^  latter  are  given  the  common  term 
"energy,"  while  th(*  science  of  the  laws  goverr.ing  the  manifold 
transformation   of   energy   is   "(Miergetics." 

Pn^facing  that  this  is  all  w(»ll  known,  Ostwald  answers  the  question 
for  the  reason  of  this  repetition  by  the  statement  that  these  laws 
not  only  regulate,  but  even  make  p()ssil)le,  our  very  existence.  Life 
is  based  on  a  continual  change  of  energy  in  our  body;  wth  the 
instant  of  interruption  of  this  change  death  ensues.  But  not  only 
iinlividual  life,  but  all  social  life  also,  is  directly  dominated  by  the 
laws  of  energy.  That  a  s|)eaker  may  appear  b(»fore  you  is  due  to  the 
energy  of  some  means  of  conveyance;  that  you  hear  a  speaker 
is  due  to  the  energy  conveyed  from  his  vocal  cords  to  you  in  sound- 
wave.--; that  you  understand  a  s|)eaker  is  based  on  the  energ>'  of 
your  own  mental  activity.  That  is  why  we  nni.^^t,  first  of  all,  be 
practicers  ot'  energetics,  long  before  w(*  may  clioos(»  any  other  view 
of  the  world  //•////  nnfJii/Ki  nunj  htippcn  irithont  the  participation  of 
run'tjn  in  nirinus  fitniis! 

While  the  l";ict  of  ener^v  is  an  evtM'v-dav  one,  with  the  term  not 
nejirly  .>o  wt-ll  known,  the  condition  is  exactly  reversed  as  to  culture. 
'i'lie  word  is  generally  fainiliar,  but  an  agreement  between  any  two 
or  three  edue;ited  people  as  to  a  definition  will  be  hard  to  secure. 
There  are  numv  definitioFis  of  this  term  which  it  would  seem  impos- 
sible to  give  ;i  fommoM  denominjitor.  Hut  the  usefulness  of  energetics 
will  -how  it■^eIf  ill  its  jibilitv  to  embrace  all  of  the  manv  sides  of  the 
eiiltunil  |)roblem.  All  life,  individual  as  well  as  social,  utilizes  those 
form-  of  rnrrgv  tluit  it  comes  into  contact  with  for  its  own  purposes 
l)\  -iiitjiMv  tr;in-torming  tjirm.  The  result  of  this  transfonnation 
may    be   great    or   litllr.   as   com|)ared   with   the  energ\'  expended, 
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tiveness  of  this  method  is  clear  from  the  fact  that  one  one-hundredth 
part  of  slit  width  in  one  color  makes  a  perceptible  change.  It  is 
thus  possible  for  a  dealer  in  Philadelphia  to  tell  his  dyer  in  Paris 
that  he  wants  a  certain  silk  dyed  to  50  red,  30  blue,  81  green,  and. 


Vui.  4. — Primary  Color  Mixtures. 

if  both  have  an  Ives  colorimeter,  to  get  an  absolute  match  with 
greater  certainty  than  by  any  exchange  of  samples  and  the  usual  re- 
liance on  the  eve. 


Fig.  5. — Secondary  Color  Mixturt».s. 


The  principle  of  color  mixture  is  shown  by  Figs.  4  and  5,  in  which 
on  one  side  three  circular  discs  of  red,  blue  violet,  and  green  overlap 
partly;    the  center,  where  all  three  lap,  is  white;    the  lapping  colors, 
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termed  secondaries,  are  yellow,  peacock,  and  magenta;  the  other 
side  shows  a  similar  arrangement,  but  the  discs  are  the  secondaries; 
the  super])osition  of  all  three  at  the  center  gives  complete  black,  theo- 
retically; practically,  an  approach  that  wdll  satisfy  the  eye.  The 
colors  on  the  screen  are  not  exact,  owing  to  the  admixture  of  yellow 
light  emanating  from  the  arc  light  operating  the  lantern.  The  lapping: 
of  any  two  of  the  secondary  color  discs  of  Fig.  5  gives  back  as  a  com- 
bination result  the  original  primaries,  red,  green,  and  blue  violet. 

It  is  my  privilege  to  have  induced  Mr.  Ives  to  construct  a  colorim- 
eter for  use  with  the  projection  lantern,  capable  of  showing  on  the 
screen  the  combination  and  matching  of  colors,  as  well  as  the  resolu- 
tion of  any  combination  color  into  its  primaries,  not  only  quanti- 
tatively, but  also  qualitatively;  this  is  the  first  time  that  this  has 
been  accom])lished,  and  I  am  ])articularly  pleased  that,  in  connection 
with  mv  introductorv  address  as  vour  President,  Mr.  Ives  allows  me 

»  »  *  • 

to  present  this  to  the  scientific  world  through  this  Club. 

Of  the  two  white  fields  side  bv  side  on  the  screen,  one  is  due  to  the 
arc-light  directly,  and  the  other  due  to  light  from  the  same  arc 
passed  through  transparencies  of  the  three  primary  colors;  the 
width  of  the  color  slits  has  been  regulated  so  that  the  proper  quantity 
of  each  color  passes  to  coml)in(»  into  and  match  the  direct  white. 
Placing  now  various  simi)le  and  com])lex  colors  in  place  of  the  direct 
white  field,  you  will  note  that,  l>y  suitably  varying  the  width  of  the 
three  primary  color  slits,  the  two  fields  are  made  to  match.  Please 
ii()t(»  also  the  very  noticeable  change  in  tint  that  results  from  a 
variation  of  only  I  per  cent,  of  the  width  of  one  of  the  slits.  With 
a  very  little  practice  a  user  of  this  a])paratus  soon  learns  which 
of  his  three  primaries  he  must  add  or  su))tract  to  match  the  color 
under  examination. 

While  the  three  primary  color  theory  is  most  generally  accepted, 
there  are  those  that  assert  that  four  i)rimaries  should  be  used  as  a 
basis  for  color  analysis.  So  far  as  the  colorimeter  is  concerned,  it 
can  (leal  with  any  numluT  of  primaries,  as  it  is  only  necessary  to 
l)rovi(le  as  many  mixing  slits  as  there  are  primaries- -two,  three,  four, 
or  anv  desired  numlxM*.* 

It  was  stated  that  this  colorimeter  was  devised  })y  Mr.  Ives  in 

*  X'arious  colors  wore  ilirown  on  tlio  scrocn,  analyzed,  and  matched.  There 
wen'  also  sliown.  l)y  means  of  this  projection  apparatus,  the  var.ving  tints  of  dif- 
ferent lij2;]its  as  compared  with  dayli|j:ht,  an<l  the  udmixtures  of  colors  producing 
tliese  v.'iriations. 
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connection  with  his  work  in  three-color  photography.  Mr.  Ives  was 
the  first  really  successful  pioneer  in  three-color  photography,  though 
some  preliminary  work  has  been  done  by  Ducos  Du  Hauron,  of 
France,  and  others.  To  date,  the  greatest  advance  toward  really 
satisfactory  reduction  to  broad  practicability  is  again  due  to  our 
distinguished  fellow-townsman. 

No  doubt  a  brief  recital  and  a  few  examples  of  the  various  methods 
now  in  use  will  interest  you.  The  screen  shows  you  a  series  of  parallel 
lines  of  red,  blue,  and  green.  In  the  original  slide  these  are  very 
narrow — too  narrow,  in  fact,  to  be  distinguishable  by  any  but  the 
very  sharpest  of  eyes.  This  next  slide  shows  these  lines  still  more 
plainly  by  microscopic  projection.  When  a  series  of  such  lines  are 
viewed  at  a  sufficient  distance,  or  the  lines  are  of  such  small  width 
as  to  be  individually  indistinguishable,  they  will  combine  to  give  the 
eflfect  of  white,  provided,  of  course,  that  proper  primary  tints  of 
sufficient  purity  and  quantitatively  correct  have  been  chosen.  If, 
in  any  way,  say  the  blue-violet  lines  are  suppressed  or  obscured,  then 
the  remaining  red  and  green  will  combine  to  yellow.  If  such  a  screen 
be  ruled  on  a  glass  plate  and  covered  with  a  sensitive  photographic 
emulsion  and  that  exposed  to  the  light  from  a  colored  object  falling 
through  the  screen,  then  the  local  darkening  on  development  will 
prevent  transmitted  light  from  reaching  the  eye,  and  so  cut  out  more 
or  less  of  the  primary  color  lines,  giving  the  effect  of  a  transparency 
in  natural  colors.  This  method  is  due  to  a  number  of  workers,  as  Du 
Hauron,  Joly,  Mc  Donough,  and  others.  Later  workers  along  this  line 
have  replaced  the  ruled  lines  with  stipples  or  dots  of  primary  colors. 
Such  a  screen,  due  to  Lumidre,  consists  of  more  or  less  irregular  agglom- 
erations of  red,  blue,  and  green  dots.  Each  dot  is  a  dyed  starch- 
grain  particle,  potato  starch  having  been  selected  because  of  the 
minuteness  of  the  grains.  A  much  more  regular  arrangement,  though 
of  much  larger  dots,  is  the  ** Thames"  screen.  Still  another,  made 
up  of  alternating  green  and  blue  lines,  crossed  at  an  angle  of  about 
30  degrees  by  red  lines,  is  the  German  **Krayn"  screen,  made  by 
pasting  alternate  blue  and  green  thin  celluloid  sheets  together,  and 
cutting  a  veneer  from  the  edge  of  the  resulting  block.  The  red  lines 
are  later  printed  on  the  veneer. 

By  comparing  the  light  falling  through  these  various  screens  with 

the  light  falling  through  three  thicknesses  of  clear  celluloid  it  is 

apparent  that  the  various  screens  all  absorb  relatively  large  amounts 

of  light — some  more  than  others.    As  the  Ught  reflected  from  an 
2 
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object  to  be  photographed  must  pass  the  screen  before  it  reaches 
the  sensitive  film,  it  is  clear  why  color  photography  is  relatively 
slow;  it  requires  exposure  about  twenty  times  as  long  as  direct 
monochrome  work  with  the  same  films.* 

This  general  method  of  color  photography  by  line  and  stipple  is 
capable  of  very  good  results  in  the  hands  of  those  highly  skilled. 
But  the  plates  are  expensive  and  delicate,  and  the  many  manipula- 
tions are  wearisome  and  difficult  to  carry  out.  Then  they  give  only 
a  single  original,  which  cannot  be  satisfactorily  manifolded.  More- 
over, that  original  is  a  transparency.  Furthermore,  if  the  light  falling 
through  it  is  ncc(»ssarily  different  from  that  by  which  it  was  taken? 
the  color  effects  are  falsified.  These  transparencies  should  always 
be  viewed  by  diflfusod  daylight,  or  by  light  reflected  from  a  white 
background.  Used  in  the  lantern,  the  magnification  shows  up  the 
disturbing  line  or  stipple  screen.  Owing  to  their  relative  density, 
much  more  jiowiTful  lanterns  are  necessary  for  line  or  stipple  color 
slides  than  for  ordinary  lantern  slides. 

Mr.  Ives  approached  the  subject  from  another  angle.  He  boldly 
decided  on  superposing  three  transparencies,  one  representing  all 
the  various  gradations  of  red  of  the  object,  another  of  the  green,  and 
the  third  of  the  blue  violet.  Superposed  in  register,  it  is  clear  that 
these  must  give*  a  correct  color  composite  of  the  object.  The  diffi- 
culties were  many  and  multifarious.  The  colorimeter  had  to  be 
devised  to  test  out  and  select  from  the  many  possible  dyes  those 
giving  the  nearest  effects  to  truth;  then  these  had  to  be  sifted  further 
for  permanency;  then  the  varying  shrinkage  of  the  films,  destroy- 
ing correct  registry,  had  to  be  overcome,  etc.  Finally,  the  camera 
itself  and  the  plates  had  to  be  drawn  into  the  work  of  improvement. 
In  a  general  sense  any  camera  would  answer,  particularly  when 
stationary  objects  are  to  be  photographed.  There  would  first  be 
made  an  exposure  for  the  reds,  th(Mi  a  second  one  on  a  second  plate 
for  the  greens,  and  th(»n  a  third  on  a  third  plate  for  the  blue  violets. 
But  as  that  required  three  successive  exposures,  and  since  registry 
of  the  three  plates  would  manifestly  be  impossible  if  the  object 
moved  between  exi)()sures,  this  method  was  restricted  to  stationary 
objects.  Nor  could  three  simultaneous  exposures  be  made  with 
three  separate  or  combined  cameras,  as  each  necessarily  viewed  the  . 


*  A  number  of  natural  color  transparencies  by  these  various  line  and  stipple 
screen  methods  were  project^l  on  to  the  screen. 
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object  from  a  slightly  different  angle.  Mr.  Ives  devised  a  beautiful 
solution  of  that  elegant  simplicity  characteristic  of  his  work  in  gen- 
eral. 

In  Fig.  6  the  camera  body  A  is  of  the  box  type,  with  the  usual 
lens  system  B.  The  plate-holder  is  carried  at  the  back  in  the  usual 
way,  but  carries  two  plates,  C  and  D,  the  rear  one  having  its  film  side 
nearest  the  lens,  and  the  one  in  front  of  this  having  its  film  face  to 
face  with  the  rear  one.  A  third  plate,  E,  Hes  in  the  bottom  of  the 
camera.  Light  from  the  object  passes  through  the  lens  system,  and  a 
compensating  color  screen,  F,  inmiediately  behind  the  lens  system. 
The  light  next  strikes  a  clear  glass,  G,  that  is  placed  at  an  angle  of 
forty-five  degrees.    The  front  face  of  this  glass  acts  as  a  mirror  to  deflect 


Fig.  6. 


part  of  the  light  to  the  bottom  plate,  E.  The  remaining  light  passes 
through  the  glass  G,  through  plate  D,  to  act  on  the  sensitive  rear 
face  of  D  and  on  the  sensitive  front  face  of  plate  C.  It  is  clear  that  a 
single  exposure  suffices  for  making  the  three  plates,  C,  D,  and  E. 
Each  of  these  plates  must,  of  course,  select  its  particular  primary 
color.  The  principle  under  which  they  do  this  is  old,  consisting  of  the 
filtering  out  by  suitable  interposed  color  filters.  These  color  filters 
are  located  as  follows:  The  compensating  screen  F  acts  also  as  a 
color  filter;  a  second  one  is  supplied  by  a  varnish  on  the  back  of  the 
inclined  transparent  mirror,  G,  and,  finally,  the  sensitive  film  of 
D  is  suitably  dyed  to  filter  for  plate  C.    Much  work  and  patient 
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investigation  and  experimenting  were  necessary  to  secure  the  proper 
relationship  of  the  sensitive  plate  emulsions,  different  for  each  of  the 
three  plates  and  of  the  color  filters.  Some  of  the  difficulties  may  be 
imagined  when  it  is  realized  that,  even  though  all  the  light  filters 
were  of  proper  color  and  purposely  balanced  as  to  intensity  of  color, 
an  emulsion  slightly  too  fast  or  too  slow  on  one  plate  would  result  in 
that  plate  being  too  dense  or  too  thin,  and  so  give  not  enough  or  too 
much  of  its  color  in  the  final  result. 

The  arrangement  of  the  three  plates  for  convenient  handling  is 
also  worthy  of  note.  All  three  plates  are  attached  at  their  lower 
edges,  H,  to  a  strip  of  gummed  paper,  on  which  they  hinge  like  the 
leaves  of  a  book.  They  are  inserted  as  a  unit  into  the  plate-holder, 
which  is  slid  into  the  camera  back  in  the  usual  way.  At  this  time  the 
mirror,  G,  is  held  up  out  of  the  way  at  the  top  of  the  camera  by  a 
simple  catch.  When  the  plate-holder  slide  is  withdrawn,  that  allows 
the  first  plate,  E,  to  fall  downward  to  its  position,  as  shown  in  Fig.  6. 
Plates  C  and  D  cannot  fall,  being  slightly  larger  than  the  front  open- 
ing of  the  holder.  The  mirror,  G,  is  then  dropped  to  place,  and  the 
exposure  made  precisely  as  with  any  ordinary  camera.  This  camera 
can,  in  fact,  be  used  for  ordinary  work  by  simply  leaving  the  mirror, 
G,  at  the  top,  and  using  ordinary  single  plates,  roll  fihns,  or  film 
packs.  Ordinary  cameras  of  the  box  type  may  also  be  readily  con- 
verted for  color  work  by  adding  the  mirror  (t  and  slightly  adapting 
the  plate-holder  slide. 

The  plates  are  developed  in  the  usual  way;  the  best  method  is  by 
fixed  time  development  in  a  standard  solution,  glycin  preferred. 
A  convenient  arrangement  is  also  due  to  Mr.  Ives,  consisting  of 
a  simple  tank  adapted  to  take  the  triple  plate  pack  ("tripak"), 
with  the  three  plates  spread  apart  like  the  leaves  of  a  book,  for  con- 
venient access  by  the  developer.  Only  a  single  developer  is  required, 
acting  five  to  eight  minutes,  and  the  ordinary  fixing  in  hypo  and 
wat(T  wa.shing.  To  print  out,  all  three  plates  are  placed  side  by 
side  in  a  long  printing-frame  and  the  film  exposed.  The  film  is  gela- 
tin bromid,  carried  on  a  very  thin  celluloid  backing.  When  the 
proper  exposure  has  been  made,  by  the  aid  of  a  very  simple  tint 
exposure  meter,  the  film  is  washed  out  in  hot  water  until  it  is  clear, 
and  then  passed  through  a  hypo.  The  film  is  now  cut  apart, 
and  the  three  films  laid  each  into  its  dye-bath  of  peacock-blue, 
magenta,  and  yellow  respectively.  In  about  five  minutes  each 
will  have  absorbed  the  proper  amount  of  dye.     As  the  absorption 
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power  of  the  film  and  the  dye-baths  are  all  standardized  for  proper 
relationship,  a  more  prolonged  dyeing  has  no  appreciable  effect, 
and  neither  skill  nor  judgment  as  to  proper  dye  density  is  needed. 
The  dyed  prints  are  dried  in  the  usual  way,  placed  in  register  over 
one  another,  and  bound  securely  at  the  edges  by  passe-partout  paper. 
For  lantern  slides  they  are  also  bound  between  clear  glass  plates. 
Obviously,  any  number  of  transparencies  may  be  made  from  one 
set  of  plates.  The  entire  process  is  exceedingly  simple,  and,  owing  to 
the  thorough  standardization  of  all  the  elements  for  themselves  and 
in  their  interrelation,  the  results  are  uniform  and  independent  of 
special  manipulative  skill  or  judgment. 

This  whole  chapter  of  progress  on  the  production  of  correct  color 
transparencies  in  any  quantity  from  a  single  exposure  may  now  be 
said  to  be  beyond  the  realm  of  the  laboratory,  and  to  have  definitely 
arrived  at  that  stage  of  perfection  required  for  broad  general  public 
use.  With  it  Mr.  Ives  has  added  to  his  achievements  as  the  originator 
and  perfector  of  the  half-tone  printing  process  and  of  the  three-color 
printing  process  the  further  one  of  direct  practical  three-color  trans- 
parency photography. 

With  the  characteristic  energy  of  the  truly  scientific  inventor, 
Mr.  Ives  is  already  hard  at  work  on  the  conquest  of  new  worlds,  and 
I  have  been  privileged  to  see  very  nearly  perfected  color  photographic 
prints  for  direct  vision.  I  trust  that  it  may  be  my  privilege  to  have 
the  final  result  brought  before  the  world  for  the  first  time  through 
this  Club.* 

*  A  number  of  slides  were  shown  illustrating  various  color  phenomena,  as 
color  fringes,  interferences,  bands,  etc. 
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Until  within  the  last  few  years  the  improvements  in  propelling 
machinery  for  naval  vessels,  and  for  marine  purposes  in  general, 
were  few,  the  designers  apparently  considering  that  the  reciprocating 
engines  which  they  were  then  using  were  good  enough,  and  that  any 
further  improvements  in  them  could  be  made  only  at  an  undesirable 
increase  in  weight,  in  cost,  and  in  complication. 

This  apparent  view  extended  not  only  to  the  main  propelling 
machinery,  but  also  to  the  auxiliary  machinery,  with  the  result 
that  each  new  ship  was  practically  a  copy  of  those  that  preceded  it, 
only  such  modifications  being  made  as  the  necessities  of  the  par- 
ticular case  dictated. 

With  the  advent  of  the  turbine  it  became  necessary,  in  case  the 
reciprocating  engine  was  to  hold  its  own,  to  take  advantage  of  every 
possible  opening  for  improvement.  Such  improvements  as  appeared 
possible  at  the  time  of  laying  down  the  designs  were  made,  and  that 
they  were  desirable  has  been  amply  shown  by  the  results  on  trial 
and  in  service  obtained  by  the  U.S.S.  South  Carolina,  Michigan, 
and  Delaware. 

In  the  adoption  of  turbine  machinery  the  Navy  Department  pro- 
ceeded with  characteristic  caution,  and  no  designs  of  tliis  type  of 
machinery  were  laid  dowii  imtil  results  obtained  abroad  were  of 
such  nature  as  practically  to  insure  success. 

In  the  fall  of  1904  it  was  determined  to  lay  down  three  scout 
cruisers,  Birmingham,  Salem,  and  Chester,  and  in  order  to  obtain 
data  for  use  in  future  designs  it  was  decided  to  fit  the  Birmingham 
with  reciprocating  engines,  the  Salem  with  Curtis  turbines,  and  the 
Chester  with  Parsons  turbines. 

Before  these  vessels  were  completed,  in  June,  1907,  the  Fore  River 
Shipbuilding   Company   completed   and   tried    out    the    Southern 
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Improvements  in  Reciprocating  Engines. 

For  battleship  work,  in  order  to  meet  the  turbines  on  more  even 
ground,  the  principal  changes  made  in  the  design  of  reciprocating 
engines  are  as  follows: 

1.  Increase  in  ratio  of  L.P.  to  H.P.  cylinder  volumes  from  about 
7  to  I  to  about  10  to  1. 

2.  Lengthening  the  main  steam  valves  in  order  to  give  short  and 
straight  steam  and  exhaust  ports,  with  consequent  reduction  in 
clearances  and  in  steam  frictional  losses. 

3.  Increase  in  vacuum  carried  in  main  condensers. 

4.  Use  of  superheated  steam. 

5.  Slight  decrease  in  bearing  pressures  of  crank-pins  and  cross-heads. 

6.  The  fitting  of  forced  lubrication  to  crank-shaft,  crank-pin,  and 
cross-head  journals  and  to  eccentrics  and  to  cross-head  slides. 

All  these  changes  have  not  as  yet  been  made,  but  1,  2,  and  4  were 
utilized  in  the  engines  of  the  South  Carolina  and  Michigan,  1,  2,  4, 
5,  and  6  in  the  engines  of  the  Delaware,  and  1,  2,  3,  5,  and  6  in  the 
engines  of  battleships  Nos.  36  and  37,  the  designs  of  which  have  just 
been  completed  by  the  Navy  Department. 

Results  Obtained  by  the  Above  Changes. 

Unfortunately,  in  the  rases  of  the  South  Carolina  and  Michigan, 
no  measurements  of  actual  water  consumptions  of  the  machinery 
were  made  on  the  trials  of  these  vessels.  An  idea  of  the  economy 
realized  can  })e  obtained,  however,  by  comparing  them  with  their 
sister  ships  of  the  Connecticut  class,  the  Delaware  also  being  included 
in  the  tabulation: 

MiNNRsoTA.  Michigan.  Dblawakb. 

Heating  surface  of  boilers,  sq. 

ft 52,752  42,500  55,749 

SuperlieatiiiK  «urfii(;e  of  boih'rs, 

sq.  ft 4,720  6,149 

Total  grate  surface  per  sq.  it...     1, 100  |  1, 148.25  act.  1439^t. 

I.II.P.  all  machinerv 20,783  19,6vS0.6  29,629 

Sq.  ft.  of  U.S.  per  I.H.P 2.538                2.159  1.888 

Sq.ft.  of  H.S.  per  I.II.P.  (total)  2.4  2.096  eq. 

I.II.P.  per  sq.ft.  grate  surface.  18.804  22.21  cq.  26.7  eq. 

.Vir-pressure  in  inches  of  water .     0.92  {  ?-S5  act.  2.43  ^^ 


Let  us  compare  the  above  results  still  further,  using  a  series  of 
sels  having  the  same  type;  boilers  as  the  above  vessels,  but  all  being 
without  superheat  and  having  the  old  type  of  naval  engines. 
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In  the  above  table  and  in  the  following  one  the  boilers  are  all 
reduced  to  a  standard  ratio  of  generating  heating  surface  to  grate 
surface  of  48.1,  and  the  air-pressures  calculated  as  varying  inversely 
as  the  ratio  of  the  equivalent  grates  to  the  actual  ones. 

VESSELS  WITH  OLD-TYPE  ENGINES  AND  NO  SUPERHEAT. 

Minnesota.         Montana.  Mibsxmippx.  CBABi^BBTOsr. 

Heating  surface 52,752  68,000  32,648  64,000 

Total  grate  surface...     1.100        {  |;|?« -*•  ^ -*•  \^^ 

I.H.P.all  machinery         20,783  28,280  13,906  27,507 

Sq.ft.  of  H.S.  per  l.H.P.    2.538  2.404  2.347  2.323 

I.H.P.  persq.  ft.  G.S.  .  .   18,894  20.0  eq.  20.405  eq.  20.62  eq. 

Air-pressure  in  inches  of  /  1.19  act.  1.3    act.  2.48  act. 

water 0.92  \  1.33  eq.  1.47  eq.  2.6    eq. 

Plotting  the  results  obtained  from  the  above  tables  on  Plate  I, 
we  see  that  for  an  air-pressure  of  2  inches  of  water,  which  is  the  naval 
limiting  pressure  for  coal-burning  Babcock  and  Wilcox  boilers, 
which  are  fitted  in  all  the  above  vessels,  the  use  of  superheat  and  the 
improved  engines  gives  25.6  I.H.P.  per  sq.  ft.  of  grate  against  20.6 
I.H.P.  per  sq.  ft.  of  grate  with  the  old  equipment.  This  is  a  total 
increase  in  economy  of  24.3  per  cent.  The  commonly  accepted  saving 
due  to  superheat  is  estimated  at  1  per  cent,  for  every  ten  degrees, 
which,  as  the  average  superheat  used  in  the  above  vessels  at  full 
power  amounted  to  about  60  degrees,  gives  a  total  saving  due  to 
superheat  only  of  6  per  cent.,  leaving  a  balance  of  18.3  per  cent,  due 
to  the  improvements  in  the  engines  themselves. 

Comparison  of  Water  Rates  of  Old  and  New  Types. 

The  only  vessels  having  reciprocating  engines  for  which  accurate 
engine  water  consumption  measurements  have  been  taken,  up  to  the 
pres(»nt  date,  are  the  scout  Birmingham  and  the  battleship  Delaware. 
The  necessary  engine  data  for  comparison  are  as  follows: 


Diameters 
Pi«ton-ro<l  c 


Birmingham.  Dklawars. 

H.P.  rylindor 28 '4"  38H" 

LP.  cyliiuler 4;V'  67" 

I  2  L.P.  cylimlors 02"  76" 

lameters 0"  8" 

Stroke  of  piston 30"  48" 

Revolutions  at  full  power 191.5  128.39 

Piston  speed  at  full  power 1149'  per  min.  1027M2 

H.P.  mean 20.4  16.17 

Vr..  ^««f    ..1««r««n^  f  ^'^'-  '»<?«" 21.34  13.57 

Per  cent,  clearances  ^  j^  p ^^  2^5  ^2.49 

Steam  pressure  per  ga^e  in  H.  P.  valve 

chest 229.4  253 
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The  Birmingham  engine,  of  course,  is  handicapped  at  the  start  by 
its  smaller  size,  higher  piston  speed,  and  lower  steam  pressure,  but 
these  handicaps  cannot  possibly  explain  away  the  great  differences 
existing  between  the  steam  consumptions  per  I.H.P.  of  the  two  types 
of  engines  at  equal  fractions  of  power.  These  consumptions  are  &s 
follows: 


Full  Power.  H  Powsb.  H  Poi 

Delaware 13.38  lbs.  12.7  lbs.  15.12  Ibe. 

Birmingham 17.30"  16.6    "  19.00    " 

Per  cent,  decrease  for  Delaware 22.66  "  18.7    "  20.40    " 

The  above  amounts  include  drainage  from  the  jackets.  All 
leakage  from  stuffing  boxes  is  unaccounted  for,  but  if  this  were  taken 
into  account,  the  difference  would  be  still  more  favorable  to  the 
Delaware,  as  not  the  slightest  evidence  of  leakage  through  her  valve 
stem  or  piston-rod  stuffing  boxes  existed  during  the  trials. 

The  collier  Cyclops  has  engines  built  along  the  same  lines  as  the 
modern  naval  reciprocating  engines,  and  the  results  obtained  by 
her  bear  out  fully  the  results  obtained  by  the  Delaware.  Although 
no  superheat  exists  in  the  case  of  the  Cyclops,  the  water  per  I.H.P., 
measured  from  her  indicator  cards,  shows  at  full  power  less  than  12 
pounds,  neglecting  leakage  and  cylinder  condensation. 

To  show  the  effect  of  the  short,  straight  steam  ports  on  exhaust 
pressures,  Plate  2,  showing  the  amount  of  back  pressure  exerted  per 
square  inch  of  L.P.  piston  area  for  several  engines  of  the  old  type 
and  of  the  Delaware,  is  here^^dth  submitted. 

The  very  low  pressure  shown  by  the  Delaware  is  not  entirely 
due  to  the  ports  alone,  but  is  partially  accounted  for  by  the  fact  that 
with  the  Delaware\s  engines  no  live  steam  was  admitted  to  the  I.P. 
and  L.P.  receivers  during  trials,  full  benefit  being  taken  of  the  ex- 
pansion of  the  steam  from  cut-off  in  the  H.P.  cylinder  to  the  exhaust 
in  the  L.P.  cylinder. 

The  Delaware's  engines  were  still  further  aided  in  the  search  for 
economy  by  the  forced  lubrication  system,  which,  by  insuring  that 
all  bearings  were  oil  borne,  quite  materially  decreased  the  friction 
of  the  load,  and  thus  allowed  the  engines  to  turn  up  more  rapidly 
than  would  have  be(»n  the  case  if  this  system  had  not  been  installed. 

The  following  table,  giving  steam  and  exhaust  velocities,  will  be 
of  interest  as  showing  the  benefit  of  the  straight  ports  in  reducing 
resi.stanc^e  to  the  flow  of  the  steam,  and  thus  increasing  the  efficiency 
of  the  engines: 
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TABLE  OF  STEAM  AND  EXHAUST  VELOCITIES. 


Ship. 


Rkts. 

PER 
MiN. 


Delaware  .  . 
Michigan  .  . 
Louisiana  . . 
Birmingham 


130 
125 
120 
200 


Typb 

or 

Post. 


H.P. 

Stsaic 

VSLOO. 

Ft.  pbb 

Minute 
(Mean). 


Straight  6,565 

"  6,723 

crooked  5,670 

"  6,518 


H.P. 

I.P. 

I.P. 

L.P. 

ExH.  Ft. 

Steam 

ExH.  Ft. 

Steam 

per 

Ft.  per 

PER 

Ft.  per 

Minute 

Minute 

Minute 

Minute 

(Mean).  (Mean).  1  (Mean). 

(Mean). 

5,340 

6,678 

6,180 

10,446 

5,289 

7,883 

5,909 

9,947 

5,480 

8,262  ■  6,670 

10,833 

5,251 

8,385 

6,804 

11,591 

L.P. 

EXB. 
PER 

Minute 

(Mean). 


— i.-"^^  « 


7,514 
7,199 
7,450 
8,347 


Delaware.       Michiqan. 

Velocity  through  exhaust  pipe  to 

condenser 6,637  6,612 

Velocity  through  main  steam- 
pipe 8,275  8,463 


Louisiana.    Birminoham. 
7,390  7,061 

8,380  7,078 


All  the  above  velocities  are  based  on  relative  areas  of  ports  and 
pistons  and  volumetric  displacements  per  minute  of  the  pistons. 
It  should  be  further  stated  that  the  Birmingham  never  made  200 
revolutions,  but  reached  about  190  on  trial. 


Turbine  Machinery  for  Battleships. 

In  the  choice  of  type  of  turbine  machinery  for  battleship  pro- 
pulsion the  Navy  Department  has,  up  to  the  present  time,  placed 
turbmes  of  the  Parsons  type  and  of  the  Curtis  type  upon  an  equal 
footing  where  weights  and  space  allowed  for  the  installation  would 
accommodate  either.  In  some  cases  the  engine-room  space  may  be 
very  much  restricted;  when  this  is  the  condition,  turbines  of  the 
Curtis  type  have  a  decided  advantage  over  the  Parsons,  as  the  former 
type,  with  either  one  or  two  units  per  shaft,  the  total  power  being 
divided  between  two  shafts,  can  be  installed  in  much  smaller  floor 
area  than  the  Parsons  type,  with  its  cruising  turbines  and  high- 
pressure  backing  turbines,  in  addition  to  the  main  turbines,  with  the 
power  distributed  among  four  shafts. 

An  instance  of  this  occurred  in  the  case  of  the  North  Dakota.  In 
this  vessel  the  engine-rooms  are  only  44  feet  in  length.  This  length 
accommodated  reciprocating  engines,  as  in  the  Delaware,  or  a  nine- 
stage  single-unit  Curtis  turbine,  although  this  resulted  in  a  very 
crowded  arrangement,  but  made  the  installation  of  Parsons  turbines 
an  impossibility  if  the  cruising  turbines  were  to  be  retained. 

The  Florida  and  Utah  are  both  equipped  with  Parsons  turbines 
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of  a  designed  shaft  horsepower  of  28,000,  di\dded  among  four  shafts. 
The  engine-room  space  required  to  accommodate  this  amount  of 
power,  together  with  the  necessary  cruising  and  backing  turbines, 
is  51  feet  wide  by  60  feet  long,  while  on  the  Wyoming  and  the  Arkan- 
sas, with  the  same  designed  shaft  horsepower  as  the  Utah,  the  space 
has  been  reduced  slightly  to  48  feet  6  inches  wide  by  60  feet.  In  all 
four  of  these  vessels  the  engine-rooms  are  much  crowded,  large  as 
they  are.  When  they  are  compared  with  the  engine-room  space  of 
the  reciprocating  engine  ship  Delaware,  which  is  50  feet  6  inches 
wide  by  44  feet  long,  we  see  that,  with  about  the  same  width  of  engine- 
room,  the  reciprocating  engine  sliip,  in  order  to  develop  the  same 
I.H.P.  as  shaft  horsepower  of  the  turbine  vessels,  requires  16  feet 
less  in  length.  The  importance  of  this  saving  in  length  is  easily 
seen  when  we  consider  the  additional  displacement  and  armor,  with 
consequent  large  increase  in  cost  of  hull,  entailed  when  the  vessel 
is  designed  for  turbine  propulsion. 

Comparison  of  Engine-room  Weights  of  Turbine  and  Recipro- 
cating Engines. 

At  the  time  of  writing  this  article  the  Bureau  of  Steam  Engineering 
has  available  the  completed  weight  sheets  of  only  two  comparable 
vessels,  namely,  the  Delaware  and  the  North  Dakota. 

The  engine-room  weights  of  the  former  vessel  are  773  tons,  while 
those  of  the  latter  amount  to  783  tons.  Practically  no  saving  in 
engine-room  weights  can  be  looked  for  if  turbine  machinery  is  adopted 
in  place  of  reciprocating  engines  for  battleship  propulsion. 

Comparison   of   Efficiencies   of   Propui-.sion   and   Resultant 

Comparative  Boiler  Installations  Required  with 

THE  Two  Types  of  Machinery. 

In  comparing  efficiencies  of  propulsion  the  first  point  to  be  taken 
into  consideration  is  the  relative  propeller  propulsive  coefficients 
which  can  be  obtained  with  the  different  types  of  machinery  used. 
As  all  three  of  the  Dreadnaught  battleships  which  have  been  tried, 
the  Delaware,  North  Dakota,  and  Utah,  had  excellent  to  very  good 
propellers,  for  the  utilization  of  the  high  power,  we  will  compare 
their  individual  propulsive  coefficients  with  each  other,  taking  their 
performances  at  21  knots  as  a  basis. 

As  all  engineers  understand,  the  term  "propulsive  coefficient"  as 
usually  applied  means  the  ratio  l)etween  the  tow-rope  horsepower 
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(E.H.P.)  of  the  ship  when  fitted  with  all  appendages  and  the  I.H.P. 
in  the  case  of  reciprocating  engines,  or  S.H.P.  in  the  case  of  turbines. 
The  Bureau  of  Steam  Engineering  assumes  a  mechanical  efficiency 
of  92  per  cent,  for  its  large  reciprocating  engines,  so  that  the  true 
comparison  of  propulsive  coefficient  would  be  represented  by  the 
following  formulas: 

Redprocating  propulsive  coefficient  =  j—^—p^ 
Turbine  propulsive  coefficient  =  ^~s~H  P^   ~ 

Using  these  two  formulas,  the  propulsive  coefficients  of  the  three 
vessels  at  21  knots  were — 

Delaware 122  J^  revolutions,  65  per  cent.  prop.  coef. 

North  Dakota 265  "  53.82  per  cent.  prop.  coef. 

Utah 313  "  56.12         "        " 

While  the  powers  required  for  this  speed  were — 

Delaware 23,400  I.H.P. 

North  Dakota 26,500  S.H.P.  =  28,800  I.H.P. 

Utah 26,400  S.H.P.  =  28,700  I.H.P. 

For  boiler  comparisons,  it  is  considered  preferable  to  reduce  con- 
ditions to  one  common  condition  of  feed  temperature  and  boiler 
pressure,  and  to  compare  the  heat  units  absorbed  by  the  boilers  of 
each  vessel  in  overcoming  equal  resistances  of  hulls.  By  doing  this 
we  find  that  at  12  knots'  speed  the  Delaware'sboilers  absorbed  119,500 
B.T.U.'s  against  142,700  B.T.U.'s  for  the  Utah,  or  that  it  costs 
approximately  19.4  per  cent,  more  to  cruise  at  12  knots  with  the 
turbine  ship  than  with  the  reciprocating  one.  At  full  power  of 
21.56  knots,  the  costs  in  heat  units  for  the  two  vessels  are  approxi- 
mately the  same,  namely,  about  385,000  B.T.U.'s. 

The  above  heat  costs  include  all  the  engineers  and  the  ship's 
auxiliaries.  The  North  Dakota  is  not  brought  into  this  comparison, 
as  in  the  measurements  of  water  consumption  on  that  vessel  only 
the  engineer's  auxiliaries  were  included. 

This  equality  of  heat  cost  at  full  power  existing  for  battleships 
of  21  knots'  speed,  it  is  not  readily  seen  how  a  saving  of  15  per  cent, 
in  boiler  weights,  as  has  been  claimed,  can  be  made  by  the  adoption 
of  turbines  for  main  propelling  machinery  in  such  cases. 

Cruising  Economy. 

As  pointed  out  above,  the  Utah  at  12  knots  required  the  absorp- 
tion of  19.4  per  cent,  more  heat  units  by  her  boilers  than  did  the 
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Delaware.  Referring  to  equal  speeds,  and  comparing  the  Utah's 
performance  with  those  of  the  Delaware  and  the  North  Dakota, 
we  obtain  as  propulsive  coeflBcients  the  results  giv^n  below: 

Ship.  Speed.       S.H.P.         I.H.P.  Rbts.       Pm  Cnrr. 

Delaware 12         ....         3,800  66H         e9.?0 

North  Dakota 12        3,750        4,076        140Ji  61.32 

Utah 12        3,8C0        4,130        172  53.18 

The  above  results  are  all  based  upon  acceptance  trial  results, 
and  would  be  considerably  modified  in  actual  service,  as  was  shown 
by  the  performances  of  the  Delaware  and  North  Dakota  when  cruising 
in  company  with  the  fleet. 

The  reciprocating  engine  ship  in  bad  weather  showed  up  as  fully 
20  per  cent,  better  than  the  turbine  ship,  and  in  good  weather  at  a 
slightly  higher  speed  as  nearly  44  per  cent,  better.  These  results 
were  obtained  on  the  cruise  of  the  fleet  to  England  and  back  home. 
In  justice  to  the  turl)inc  it  must  be  stated  that  the  turbines  of  the 
North  Dakota,  when  examined  shortly  after,  were  found  to  be  in 
damaged  condition,  due  to  erosion  and  corrosion,  although  the  vessel 
was  a  new  ship  just  starting  a  cruise. 

Points  of  Superiority  Claimed  for  Turbine  Machinery  Over 
Reciprocating  Machinery  for  Battleship  Propulsion. 

These  are:  1.  Capable  of  being  driven  for  long  periods  of  time  at 
high  powers  without  the  liability  to  derangement  which  exists  with 
reciprocating  engines. 

2.  Less  work  required  to  keep  them  in  condition,  and  therefore 
decreased  engine-room  force. 

3.  IjCss  vibration  and,  therefore,  resultant  better  gun  pointing. 

4.  Decreased  l)oiler  power  necessary  to  develop  power  required 
for  full  speeil. 

5.  Less  total  floor  space  necessary  for  engines  and  boilers. 
G.  Greater  economy  in  oil  and  fuel  at  full  power. 

7.  Greater  economy  in  oil  at  cruising  speeds. 

8.  Greater  cleanliness  of  engine-rooms. 

9.  Greater  capacity  for  overload. 

10.  Greater  ease  of  repair. 

11.  Maintenance  of  original  economy  due  to  no  increase  of  steam 
leakages  from  wear. 

Let  us  take  these  claims,  item  by  item,  and  see  whether  they  are 
justified  by  actual  experience. 
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called  for  are  within  the  capacity  of  the  ship's  force,  and  the  ship 
can  remain  on  her  station  while  the  repairs  are  being  made;  in  other 
words,  turbine  sickness  usually  requires  hospital  treatment,  while 
the  reciprocating  engine  can  be  cured  by  home  treatment.  Further- 
more, there  is  as  much  difference  between  the  two  types  when  they 
are  out  of  order  as  there  is  between  an  animal  and  a  human  being. 
Both  give  indications  of  being  under  the  weather,  but  the  recipro- 
cating engine  tells  you  where  the  trouble  exists,  while  with  the 
turbine  you  know  that  something  is  wrong  inside,  but  what  is  wrong 
is  known  only  after  the  hospital  surgtHjns  get  to  work. 

As  to  the  (locroasod  engine-room  force,  our  turbine  battleships 
carry  and  neeil  just  as  large  a  force  as  do  the  reciprocating  ships  of 
the  same  class. 

3.  As  to  vibration,  where  the  reciprocating  engine  is  well  balanced 
and  is  mounted  on  a  heavy,  substantial  hull,  such  as  that  of  a  battle- 
ship, the  vibration  is  barely  noticeable,  and  in  the  case  of  the  Dela- 
ware and  North  Dakota,  there  appeared  to  be  fully  as  much  vibra- 
tion caused  by  the  propellers  ^^^th  the  turbine  vessel  as  there  existed 
with  the  Delaware.  Furthermore,  if  gun  pointing  be  taken  as  a 
means  of  vibration,  it  is  pointed  out  that  the  Delaware  has  just  won 
the  battle-practice  trophy,  beating  out  her  turbine-propelled  sister 
quite  badly. 

4.  As  for  claim  4,  it  has  been  shown  that  with  turbines  for  the 
designed  full  speed  of  tlie  vessel  a  considerable  increase  in  power  over 
that  required  with  reciprocating  engines  is  made  necessary  by  the 
decreased  proinilsive  efficiency  of  the  propellers.  When  turbine  pro- 
pulsion first  became  an  accomplished  fact,  in  all  reports  of  trials 
great  stress  was  laid  upon  the  fact  that  the  water  consumption  per 
hour  per  S.H.P.  of  the  turbines  was  very  considerably  less  than  that 
per  I.H.P.  with  reciprocating  engines,  but  the  great  difiference  be- 
tween the  propulsive  efficiencies  of  the  i>ropellers  was  not  mentioned, 
this  great  inferiority  of  the  turl:)ine  proju'ller  for  battleship  work 
practirally  recjuiring  the  same  amount  of  boiler  power  to  be  fitted 
for  turl»ines  as  for  reciprocating  engines. 

o.  This  claim  is  not  justified,  as  Curtis  turbine  installations  re- 
quire approximately  the  same  space,  ami  Parsons  turbines  with 
cruising  turbines  more  ttoor  space,  than  is  requircil  for  a  reciprocating 
engine  installation  for  the  same  speed  of  vessel. 

0.  7,  8.  Claim  G  is  correct  so  far  as  lubricating  oil  is  conceme<l, 
for  with  forced  lubrication  of  reciprocating  engine  and  \iith  an  open- 
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top  oil  casing,  oil  is  thrown  on  the  lower  cylinder  heads,  where  it 
vaporizes  and  is  lost.  The  saving  of  fuel  claim  does  not  exist. 
Claim  8  is  correct,  but  only  at  high  powers.  To  offset  these  claims 
the  working  platforms  of  reciprocating  engine  installations  are  much 
more  habitable  on  account  of  lower  temperature. 

9.  This  claim  is  justified  only  by  the  fact  that  turbines  are  not 
designed  so  close  to  the  power  requirements  as  are  reciprocating 
engines.  The  steam  areas  through  the  blading  are  much  larger  than 
are  necessary  for  the  passage  of  the  steam  required  for  the  designed 
power  at  the  designed  pressure.  This  criticism  applies  more  par- 
ticularly to  turbines  of  the  Parsons  type. 

11.  This  claim  is  a  fact  so  far  as  the  claim  for  no  increase  in  leakage 
of  steam  is  considered,  but  it  can  hardly  be  called  an  advantage  over 
the  reciprocating  engine,  as  with  proper  care  and  experience  the  valves 
and  pistons  of  the  latter  machine  can  be  kept  as  tight  throughout 
their  service  as  they  are  the  day  they  are  put  in  conmiission.  To 
offset  this  turbine  claim  we  have  the  following  troubles  to  encounter: 
excessive  corrosion  of  rotors,  which  destroys  balance,  unequal  ex- 
pansion of  rotors  and  of  rotors  and  casing,  which  destroys  clearance 
and  results  in  destruction  of  blading,  clearance  troubles  due  to  wear- 
ing of  turbine  and  thrust-bearings,  and  the  necessity  of  micrometer 
adjustments  of  these  bearings  to  maintain  clearance. 

Vessels  op  High  Power  and  Speed,  Such  as  Battleship  Cruisers, 

Scouts,  and  Destroyers. 

When  powering  such  vessels  as  the  above,  the  power  required  for 
the  high  speeds  becomes  very  great,  and  in  order  to  confine  ourselves 
to  units  of  light  weight,  it  is  necessary  to  divide  the  power  between 
two,  three,  or  four  shafts.  Should  reciprocating  engines  be  used, 
they  would  be  designed  for  a  high  number  of  revolutions  and  high 
piston  speeds,  and  would  thus  become  much  more  liable  to  derange- 
ment than  are  the  comparatively  slow-running,  massive  engines  of 
the  ordinary  Dreadnaught  battleship.  In  such  cases  we  turn  to  the 
turbine  as  the  rational  power-producer,  and  up  to  date  for  such  pur- 
poses the  turbine  is  the  machine  par  excellence. 

In  our  service  the  battleship  cruiser  does  not  yet  exist,  our  extra- 
fast  vessels  at  present  consisting  of  3  scouts  and  34  destroyers  built 
and  building. 

As  already  stated,  one  of  the  scouts  is  fitted  with  reciprocating 
engines.    She  has  done  very  good  service,  and  below  21  knots  has 
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l>een  considerably  more  economical  than  her  sister  ships.  Above  that 
speed  the  turbine  ships  have  the  advantage,  the  percentage  advantage 
increasing  as  the  speed  increases  above  21  knots.  As  with  these  types 
of  vessels  high  speed  is  the  prime  requisite,  and  economy  at  cruising 
speeds,  while  desirable,  but  still  only  a  secondary  consideration,  no 
hesitation  is  met  with  in  discarding  the  reciprocating  engine  as  the 
primary  propelling  machine  and  taking  up  the  turbine  in  its  place. 

With  the  Parsons  turbine  in  these  fast  vesseb  the  power  is  usually 
divided  between  three  or  four  shafts,  additional  turbines  for  cruising 
at  low  and  moderate  speeds  being  fitted.  These  cruising  turbines 
liave  been  the  cause  of  the  major  part  of  our  troubles  with  the  Parsons 
type;  probably  90  per  cent,  of  the  blade  strippings  which  have  oc- 
curred have  happened  in  these  turbines,  and  have  usually  taken 
place  when  the  injured  rotor  was  running  idly  in  a  vacuum.  In  the 
latest  destroyers,  in  order  further  to  increase  the  cruising  economy 
and  to  escape  the  blade  troubles  of  the  cruising  turbines,  these  last- 
named  turbines  have  been  omitted,  and  small,  rapid-running  recipro- 
cating engines  installed  in  place  of  them.  These  engines  are  designed 
for  about  350  revolutions,  and  are  fitted  with  forced  lubrication^  the 
working  parts  being  inclosed  in  an  oil  casing.  They  remain  in  opera- 
tion, exhausting  through  the  H.P.  turbine  until  the  speed  reaches 
about  16  knots.  Above  this  speed  they  will  be  disconnected,  and 
the  main  turbines  only  will  be  used,  the  H.P.  turbine  being  fitted 
with  a  couple  of  cruising  stages  for  use  in  producing  speeds  from  16 
to  about  25  knots. 

This  cruising  reciprocating  engine  has  been  also  fitted,  one  en^ne 
on  each  shaft,  to  two  shaft  arrangements,  where  the  Curtis  or  the 
Zoelly  turbines  arc  used  as  main  propelling  engines.  With  such 
an  arrangement,  however,  the  cruising  engines  are  an  additional 
weight  over  the  already  quite  heavy  weights  of  these  impulse  turbine 
units,  and  the  advantages  gained  will  have  to  be  considerable  to 
justify  their  retention. 

The  main  point  of  difference  in  the  dififerent  designs  of  these  com- 
bination systems  is  in  the  designed  exhaust  pressure  from  the  L.P. 
cylinder  of  the  reciprocating  engines  to  the  inlet  nozzle  of  the  turbine, 
and  the  stage  of  the  turbine  at  which  this  exhaust  steam  is  admitted. 
It  may  he  acc(»pted  as  an  axiom  that  "the  higher  the  exhaust  pressure 
from  the  engine  to  the  turbine,  the  greater  will  be  the  range  of  speeds 
through  which  the  combination  will  hold  its  superiority  over  the 
straight  reciprocating  or  the  straight  turbine  drive." 
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E^CONOMY  AND  KUQGEDNSSS  OF  THE  DIFFERENT  TyPES  OF  TURBINES. 

Remarks  under  this  head  can  be  summed  up  in  a  very  few  words 
as  follows:  Considerable  trouble  has  been  experienced  with  Parsons 
turbines,  due  to  stripping  of  blades  through  loss  of  clearance,  while, 
since  an  initial  fault  in  the  L.P.  blading  of  the  Zoelly  turbines  of  the 
Warrington  and  Mayrant  has  been  corrected,  blading  troubles  with 
the  Curtis  and  the  Zoelly  turbines  are  practically  unknown.  These 
latter  classes,  due  to  their  greater  blade  clearances,  do  not  require 
the  accurate  adjustment  that  is  absolutely  necessary  with  the  Parsons 
turbine,  and  from  this  fact  is  reaped  a  decided  benefit  in  service. 
As  to  the  relative  economy  of  propulsion  of  the  three  types,  the 
question  is  involved  by  the  use  of  various  designs  of  boilers  with  the 
different  types.  Results  appear  to  indicate,  however,  that  there  is 
little  difference  between  them,  with  the  balance  slightly  in  favor  of 
the  impulse  reaction  type. 

Leaving  the  subject  of  main  propelling  engines,  we  will  now  de- 
scribe the  most  important  departure  from  early  practice  that  has  been 
made  in  late  years;  this  is,  the  adoption  of  oil  as  a  fuel. 

Oil  Fuel  System  of  the  Navy. 

In  adopting  oil  fuel  for  the  naval  service,  the  first  thing  necessary* 
was  to  decide  upon  that  system  of  atomization  of  the  fuel  which  was 
best  adapted  to  our  needs  and  conditions.  The  system  to  be  adopted 
must  be  one  which  would  entail  no  loss  in  fresh  water  and  the  mini- 
iimm  additional  weight  possible. 

The  v(»ry  conditions  of  the  pro])l(jm  forced  the  department  into 
the  search  for  a  satisfactory  m(»thod  of  mechanical  atomization. 
By  adopting  such  a  method  no  loss  of  fresh  water  would  occur  and 
no  air  compressors  wctc  n^quired.  The  only  additional  weights 
n^cjuired  with  such  a  system  were  tliosc  of  the  necessary  oil  pumps, 
piping,  and  burners. 

After  investigating  the*  field  available,  the  method  of  mechanical 
atomization,  as  developtnl  by  tiie  Schutte-Koerting  Company,  was 
decided  upon  as  the  most  promising  for  a  foundation  on  wluch  to 
build,  and  this  system  was  adopted. 

Description  of  the  System. 

The  system  as  ileveloped  for  use  in  the  naval  service  really  could 
be  classed  as  **Oil  Fuel  Burning  Reduced  to  the  Simplest  Form." 
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The  problem  of  air  admission  is  of  the  greatest  importance^  as  if 
it  is  improperly  done,  smokeless  combustion  becomes  nearly  an  im- 
possibility, and  the  burning  of  oil  at  a  high  rate  of  combustion  becomes 
accompanied  by  a  series  of  pulsations  of  such  magnitude  as  to  cause 
the  boiler  casings  to  pant  and  the  brick  linings  to  break  loose  and  fall. 

Oil-burners, — ^These  are  of  the  simplest  character,  and  consist  of 
an  oil-pipe  with  a  cast  piece  screwed  on  the  end  and  forming  the  tip. 
The  opening  in  the  tip  varies  from  1.5  mm.  to  about  2.3  nmi., 
depending  upon  the  maximum  amount  of  oil  to  be  burned.  Inside 
of  this  tip  casting  is  a  whirling  chamber  to  which  the  oil  is  admitted 
in  such  a  manner  as  to  give  it  a  rapid  whirling  motion  around  the 
axis  of  the  burner.  This  causes  the  oil  issuing  through  the  tip  opening 
to  fly  off  tangentially  as  soon  as  free  from  the  burner,  and  produces 
an  intimate  mixture  of  the  oil  with  the  air  entering  through  the  cone 
around  it. 

The  oil  burns  without  noise  and  produces  a  beautiful  lance-head 
flame,  nearly  white  in  color.  The  combustion,  by  ^ving  a  slight 
excess  of  air,  can  be  made  absolutely  smokeless,  but  the  vessels 
usually  operate  with  a  slight  haze  issuing  from  the  smoke-pipes, 
as  by  so  doing  they  can  regulate  closer  to  maximum  efficiency  condi^ 
tions  than  if  no  smoke  is  showing. 

Oil  Fuel  for  Battleships. 

The  first  installations  fitted  to  battleships  and,  in  fact,  the  only 
installations  until  the  plans  of  the  Nevada  and  Oklahoma  were  de- 
veloped, were  for  boilers  primarily  fitted  for  burning  coal  as  the  regular 
fuel,  the  oil  fuel  being  used  only  as  an  emergency  aid  in  maintaining 
the  required  steam  when  it  became  necessary  to  bring  coal  from  re- 
mote bunkers  to  the  fire-rooms  in  use. 

The  same  system  of  atomization  as  already  described  is  fitted, 
the  burners  being  located  between  the  furnace  doors  of  the  boilers. 

On  account  of  the  difficulty  of  maintaining  the  necessary  triple 
balance  between  oil,  coal,  and  air  sui)ply,  the  results  obtained  are  not 
as  satisfactory  as  when  burning  either  oil  or  coal  alone.  The  first 
installations  were  rendered  still  more  unsatisfactory  by  the  reluctance 
of  the  boiler  manufacturers  to  so  modify  the  designs  of  the  furnaces 
and  furnace  fronts  as  to  meet  the  demands  of  the  new  conditions. 

The  nec(\ssary  changes  have,  however,  gradually  been  realized, 
and  in  the  Florida,  Wyoming,  and  Arkansas  we  have  practically 
identical  conditions  of  air  a<lmission  for  the  oil  as  exists  in  boilers 
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for  oil  burning  only,  while  in  the  Texas  and  New  York,  in  addition 
to  having  this  same  system  of  air  admission,  the  furnace  volumes 
have  been  very  considerably  increased. 

In  the  case  of  the  latest  design,  the  battleships  Nevada  and  Okla- 
homa, the  department  has  made  a  radical  departure,  and,  so  far  as 
fuel  is  concerned,  boilers  and  method  of  burning  the  oil,  the  vessels 
have  become  gigantic  destroyers. 

By  adopting  oil  as  the  only  fuel  for  these  vessels  the  fire-room 
weights  have  been  decreased  about  360  tons,  the  necessary  fuel  weight 
for  the  designed  cruising  radius  decreased  in  about  the  proportion 
of  9  to  7,  the  fire-room  force  decreased  fully  50  per  cent.,  while  the 
total  length  of  the  ship  required  for  boilers  and  fire-rooms  has  de- 
creased from  128  feet  to  66  feet. 

Evaporation  with  Oil  Fuel. 

The  evaporative  results  obtained  by  the  use  of  oil  fuel  with  mechan- 
ical atomization  are  quite  good,  as  can  be  seen  from  the  following 
table: 


Namb  of  VjcasBL. 


Minimum  Poweb. 


Lbs.  Oil 
PER  Sq.  Ft. 
I       H.S. 


Water  per 
Lb.  Oiu 
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Lbs.  Oil   ! 

PER  Sq.  Ft.  I 

H.S.       I 
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Lb.  Oiu 
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Paulding.  .  .  . 
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Monaghan.  .  . 
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.147 

.132 

.153 
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.136 

.134 

.096 

.196 

.12 

.088 

.147 
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11.81 

13.20 

12.579 

12.865 

10.541 

10.046 

11.584 

12.582 

11.95 
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.895 
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.965 
.911 
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.785 
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.848 
.993 

1.02 
.707 
.984 
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10.34 
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12.94 

12.31 

12.937 

11.989 

10.446 
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11.678 

11.654 
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Fore  River. 

tt 


t( 


Schutte-Koert. 
it 


(t 


S.K.-Peabody. 


it 
tt 


Thomycroft. 
it 


From  this  table  we  see  that  the  average  evaporation  from  actual 
boiler  conditions  for  low  rates  of  combustion  was  11.91  pounds  at 
an  average  feed  temperature  of  155.6°  F.  and  an  average  boiler 
pressure  of  238  pounds  per  gage,  no  correction  for  the  quality  of  the 
steam  being  made. 
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For  high  rates  of  combustion  these  figures  become  11.745  pounds, 
163.5**,  and  257.16  pounds  pressure,  respectively. 

Estimating  that  the  steam  will  be  dry  at  the  low  rates  of  combus- 
tion, and  that  at  the  high  rates  there  will  be  about  3  per  cent,  of 
moisture,  the  evaporations  under  the  two  conditions  reduced  to 
^^from  and  at  212°"  become— 

For  low  rates  of  combustion,  13.23  pounds. 
For  high     '^     '*  "  12.58      " 

The  above  results  are  the  average  under  trial-trip  conditions,  and 
were  obtained  with  "Express'*  type  boilers,  which  are  unquestionably 
inferior  to  some  other  t>T)es.  It  is  further  worthy  of  notice  that,  as 
the  trial-trip  crews  became  more  accustomed  to  the  management  of 
oil  fuel,  the  results  became  better. 

The  results  obtained  with  the  mechanical  system  of  atomization, 
burning  oil  under  a  Babcock  and  Wilcox  boiler,  with  the  Peabody 
burner  and  air  register,  as  reported  in  the  "Journal  of  the  American 
Society  of  Naval  Engineers,"  were  as  follows: 


I.B8.  Oil  peb  Sq.  Ft. 

Lbs.  Water  Evap.  per  Lb.  Oil 

EquiT.  Lml  Coal  pbb 

H.8. 

J-ROM  AND  AT  212°  F. 

Sq.  Ft.  O.8.  pui  Hou» 

.259 

15.86 

16.13 

1.56 

13.7 

75.34 

The  boiler  efficiency  at  the  low  rate  of  combustion  figured  out  as 
80.21  per  cent,  and  at  the  maximum  rate  as  69.29  per  cent. 

Conclusion. 

The  advance  of  the  ser\'ice  has  not  been  confined  solely  to  improve- 
ments in  the  main  propelling  engines  and  in  the  adoption  of  oil  as  a 
fuel,  but  there  has  been  a  general  advance  all  along  the  Hne,  such  as 
in  the  adoption  of  forced  lubrication  to  all  reciprocating  engines, 
both  large  and  small;  in  the  adoption  of  electric-driven  blowers  for 
large  vessels,  and  of  turbine-driven  blowers  for  destroyers;    in  im- 
provements in  condensing  apparatus,  feed-heaters,  pumps,  evaporat- 
ing and  distilling  apparatus;  in  fact,  a  close  watch  has  been  kept  on 
(»very  item  of  machinery,  both  in  its  design  and  its  operation,  in  order 
that  the  vessels  of  the  navy  should  be  maintained  at  the  highest  point 
of  efficiency,  and  that  the  dollars  of  the  public  should  be  spent  in 
such  a  manner  as  would  return  to  the  public  the  greatest  value  for 
the  money  expended. 
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lected  too  long  to  e£fectiially  stem  the  trend  toward  marine  turbine  developmeDt 
and  therefore  it  was  in  the  direction  of  the  later  type  of  installation  that  the 
maritime  world  began  to  look  for  that  progress  and  advance  which  wa«  de- 
manded by  tlie  army  of  trann-Athintio  touriflts  and  by  naval  interests.  Whik 
the  demand  for  continuous  high  speed  was  too  persistent  to  wait  upon  the  pro- 
gressive development  of  the  reciprocating  type,  it  is  extremely  probable  that,  if 
the  same  energy,  research  work,  and  financial  outlay  that  had  been  expended 
in  developing  the  marine  turbine  had  been  used  in  improving  the  reciprocating 
engine,  the  extent  of  the  turbine  installation  now  afloat  would  be  but  a  fraction 
of  what  is  in  existence. 

The  research  work,  patience,  and  engineering  talent  devoted  to  the  develop- 
ment of  the  marine  turbine  was  of  world-wide  benefit,  and  the  special  work  of  Sr 
Charles  A.  Parsons  undoubtedly  places  him  in  the  front  rank  of  the  world's 
great  inventors.  The  invention,  however,  of  the  expanding  nozzle  by  DeLaval 
probably  constituted  the  one  important  and  distinct  feature  of  turbine  advance 
that  contributed  most  to  the  scientific  development  of  the  art. 

L1MITAT10N8  AS  Regards  Turbine  Installation. 

As  Captain  Dyson  states,  the  machinery  installation  par  excellence  for  de- 
stroyers, scouts,  and  vessels  demanding  continuous  high  speed  is  that  of  the 
turbine  design.  The  anticipated  economy,  even  at  high  speed,  of  such  vessel 
has  not,  however,  been  obtained.  This  is  due  in  great  part  to  the  inefficient  pro- 
pulsive efifect  of  the  propeller  when  operated  at  the  high  speed  that  is  a  con- 
comitant of  the  direct-driven  turbine.  At  low  speed  the  existing  marine  turbine 
installation  is  well  known  to  be  an  exceptionally  wasteful  appliance.  It  is  ex- 
ceedingly doubtful,  however,  if  either  Parsons  or  Curtis  ever  intended  their 
design  of  turbines  to  be  installed  in  any  other  type  of  ships  than  those  which  were 
to  be  operated  at  continuously  high  speed.  The  limitation  of  the  direct-driven 
turbine  as  regards  economy  was  well  known  to  naval  engineers  even  before  a  single 
trans-Atlantic  steamer  was  fitted  with  such  an  installation. 

Incidental  to  this  phase  of  the  subject  I  might  state  that  in  1904  I  was  invited 
by  Mr.  George  Wcstinghouse  to  make  a  careful  study  of  the  marine  turbine  situ- 
ation in  Europe,  and  to  that  end  I  spent  over  four  months  with  my  late  partner, 
Mr.  John  II.  Macalpinc,  in  a  study  of  the  subject.  Unusual  opportunities  for 
securing  reliable  information  as  regards  turbine  development  were  given  us.  The 
thoughtful  views  of  many  leading  continental  authorities  upon  the  turbine  were 
likewise  obtained.  The  result  of  this  investigation  was  embodied  in  a  report 
dated  May,  1904,  wherein  the  following  conclusions  were  stated: 

"We  have  already  stated  that  we  have  been  led  to  believe  it  would  be  in- 
judicious to  apply  the  turbine  to  other  than  very  fast  ships  which  have  to  run  a 
very  small  proportion  of  their  time  at  cruising  speed;  and  even  in  the  case  of  fast 
ships  the  advantages  have  been  far  overstated. 

"If  one  could  devise  a  means  of  reconciling,  in  a  practical  manner,  the  necessary 
high  sp(»e<l  of  revohition  of  tlie  turbine  with  the  comparatively  low  rate  of  revolu- 
tion rc(iuire<l  by  an  efficient  propeller,  the  problem  would  be  solved  and  the  turbine 
would  practically  wipe  out  tJie  reciprocating  engine  for  the  propulsion  of  ships." 

Contrary  to  the  views  of  many  thoughtful  naval  engineers,  and  probably  in 
opposition  to  the  advice  of  the  several  inventors,  turbines  were  installed  in  vessels 
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it  is  well  known  in  engineering  circles  that  the  coal  consumption  of  this  vessel  on 
a  round-trip  voyage  between  New  York  and  New  Orleans  was  about  50  per  cent, 
in  excess  of  that  of  the  sister  ships  Comal  and  Antilles,  vessels  of  the  same  toonage 
and  fitted  with  reciprocating  engines.  The  Creole  was  never  able  to  develop 
the  speed  that  was  secured  by  her  sister  ships.  There  was  an  effort  made  to 
ascribe  the  inefficiency  of  the  Creole  turbine  installation  to  the  fact  that  this  ship 
was  fitted  with  water-tube  boilers;  but  in  refutation  of  this  statement  it  is  only 
necessary  to  UA\  that  ^vith  an  installation  of  reciprocating  engines  replacing  the 
turbines,  the  Creole,  w^ith  the  same  boilers,  was  brought  up  to  the  high  efficiency 
of  her  sister  vessels  Comal  and  Antilles. 

It  is  common  knowledge  that  in  some  of  the  trans-Atlantic  steamers  fitted 
with  turbines  it  has  been  found  necessary  to  install  additional  bunker  facilities 
in  order  to  insure  a  reliable  coal-supply  for  other  than  a  fair-weather  voyage. 
The  trans-Atlantic  vessels  fitted  with  reciprocating  engines,  as  a  rule,  reach  port 
^ith  at  least  two  or  three  days'  reserve  of  coal  in  their  bunkers. 

The  turbine-driven  vessels  are  well  known  to  have  a  much  smaller  reserve,  and 
this  fact  affords  quite  conclusive  testimony  that  the  efficiency  results  of  the  marine 
turbine  are  considerably  less  satisfactory  than  were  expected.  This  is  a  subject 
of  exceeding  importance  to  the  traveling  public,  and  it  would  appear  as  if  this 
matter  is  a  problem  deserving  of  special  investigation  by  national  authorities. 
Should  there  not  be  some  legislation  whereby  no  trans-Atlantic  steamer  should  be 
allowed  to  engage  in  passenger  service  unless  her  coal-bunker  capacity  was  of 
such  volume  as  to  contain  at  least  two  days  of  reserve  coal  beyond  that  required 
for  the  ordinary  winter  passage? 


Wide  Divergence  in  Efficienctsi'  Between  Land  and  Marine 

There  is  a  marked,  even  radical,  difference  in  the  performance  of  turbines 
designed  for  power  stations  on  shore  as  compared  with  the  installations  required 
for  marine  purposes.  The  shore  turbines  are  operated  at  a  constant  speed  and 
variable  power.  The  marine  installation  must  be  operated  at  both  variable  power 
and  variable  speed.  The  shore  installations  are  usually  designed  to  give  a  high 
steam  economy  at  full  load  with  nearly  an  equally  good  steam  rate  at  150  per 
cent,  of  full  load.  For  naval  vessels  which  cruise  mostly  at  moderate  speed  it 
has  been  found  that  the  direct-driven  turbine  is  very  costly  to  operate  when 
running  under  medium  speed  condition. 

In  the  land  installation  of  turbines  there  are  substantially  no  limitations  as  re- 
gards height,  floor  space,  and  weight  to  be  encountered.  The  designer  is  not 
compelled  to  take  into  consideration  the  problem  of  propeller  efficiency.  In  the 
discussion  of  the  marine  pluisc  of  the  matter  the  efficiency  of  the  land  installa- 
tion cannot  be  ased  as  a  criterion.  In  marine  work  the  boiler  designer  is  abo 
subjected  to  all  manner  of  limitations,  and  therefore  the  steam  supply  to  the 
marine  turbine  can  be  obtained  only  at  greater  expen.se  than  the  cost  of  supply 
to  the  shore  turbine. 

The  Necessity  for  an  Efficient  Installation  of  Reduction  Grab  vob 

Marine  Turbines. 

Among  the  first  American  firms  to  acquire  the  right  to  manufacture  the 
Parsons  turbine  was  the  Westinghouse  Machine  Company.    The  detailed  plans  of 


94     Dyson — Propidsive  Machinery  and  Oil  Fuel  in  U.  S.  Navy, 

frame  to  carry  the  pinion  shaft.  Mr.  Westinghouse  undertook  the  oonstructioD 
of  this  experimental  gear.  From  the  first  the  arrangement  was  quite  succeseful. 
After  effecting  minor  changes  in  the  original  design  the  experimental  gear  trans- 
mitted for  long  periods  about  6000  horsepower,  with  a  loss  in  energy  of  <Hily 
1.5  per  cent. 

Original  Difficulty  in  Cutting  the  Gearing. 

It  may  be  interesting  to  know  that  when  the  original  design  was  made  for  this 
reduction  gear  there  was  no  machine-shop  in  the  country  that  could  or  would 
guarantee  the  reliable  cutting  of  gear  of  the  size  required.  The  gears  desired 
were  72  inches  in  diameter,  22  inches  face,  and  with  a  pitch  otl^i  inches.  The 
pinions  were  to  be  14  inches  in  diameter.  Both  gears  were  to  have  an  angle  on 
the  face  of  30  degrees.  The  distance  between  the  centers  of  the  geans  was  to  be 
4  feet,  in  order  to  make  room  for  a  middle  bearing  on  the  pinion  shaft,  so  as  to 
prevent  springing  of  the  shaft,  and  thus  avoid  consequent  non-alinement  of  the 
gears. 

Several  bids  to  build  a  machine  that  would  cut  these  gears  were  reccnved  from 
different  firms.  One  company  offered  to  build  a  tool  and  cut  the  gears  for  $16,000. 
No  American  firm,  however,  would  guarantee  the  necessary  accuracy  of  cutting. 
Finally  a  contract  was  made  with  Schuhardt  and  Schutte,  of  Berlin,  Germany, 
to  build  a  machine  and  cut  the  first  set  of  gears  required.  The  cost  of  this  ma- 
chine was  $8,500,  and  the  price  of  cutting  the  first  set  of  gears  was  $800.  The 
forgings  were  made  by  Krupp,  of  Essen,  Germany. 

The  firm  of  Schuhardt  and  Schutte  guaranteed  the  accuracy  of  the  teeth  to 
I  o\i^  P^t  of  an  inch.  I  regret  to  say  this  degree  of  accuracy  was  not  realised, 
and  it  took  considerable  time  to  scrape  the  teeth  to  true  bearing.  This  was  due 
to  a  considerable  extent  to  the  springing  of  the  machine.  Mr.  Westinghouse's 
experts,  however,  found  that,  by  strengthening  the  frame  of  the  machine  and  by 
cutting  the  worm  driving  gear  in  two  parts,  then  turning  the  worms  on  their  axes 
and  recutting  new  bobbing  tools,  all  inaccuracies  were  eliminated.  At  the  present 
time  all  gears  are  so  accurately  cut  with  this  arrangement  that  the  geara  can  be 
removed  from  the  machines  and  put  to  immediate  ser\'ice. 

The  same  may  be  said  of  all  smaller  gears  that  are  being  cut  by  the  Gould 
machines  manufactured  in  Newark,  N.  J.  They  are  turning  out  perfectly  true 
gears,  but  only  for  smaller  machines,  such  as  are  used  for  single-phase  dynamos, 
centrifugal  pumps,  and  for  other  appliances  manufactured  by  the  Westing- 
house  Company. 

Five  years  ago,  therefore,  there  was  no  gear-cutting  machine  in  the  country 
that  could  cut  such  gears  with  a  fair  degree  of  accuracy,  and  even  the  imported 
machine  fell  far  short  of  its  guarantees.  Happily,  now,  through  the  efforts  of  the 
engineers  of  the  Westinghouse  Machine  Company,  gears  of  the  largest  sise  f^M» 
be  cut,  placed  in  the  frames,  and  set  to  work  without  having  any  scraping  or  fitting 
required  to  the  teeth. 

It  is  but  just,  however,  to  Messrs.  Schuhardt  and  Schutte  to  state  that  the  rea- 
son of  the  inaccuracy  of  their  work  was  due  more  to  the  springing  of  the  machine 
than  to  its  design.  But  it  is  more  to  the  credit  of  Mr.  Westinghouse  that  he 
undertook  the  work  of  developing  this  tool  to  make  it  adaptable  for  practically 
any  work  within  the  capacity  of  the  American  machine-tool  maker. 
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out  to  its  bottom  and  a  14-mch  piston  placed  therein,  in  which,  at 
a  depth  of  77  feet  below  the  curb,  or  37  feet  below  ground-water,  the 
piston  supported  28  tons  without  further  settlement,  after  an  initial 
settlement  of  about  2^  inches;  while  under  a  load  of  15  tons  the 
following  observations  were  made,  the  material  being  ordinary' 
sand: 


Load. 

DcPTH  BKLOW  Water. 

No  FURTHBB  SnTLBMSKT 
AFTBB  THE  INITIAL  Or 

15  tons  per  square  foot 

10  feet  ^ 

}4  iiich 

15      " 

20     "  =*= 

H      " 

15      " 

37     "  =t 

0.37      " 

While  not  conclusive,  this  test  would  tend  to  show  that  depth 
does  not  necessarily  add  to  the  stability  of  ground. 

Tests  have  also  been  made  on  a  14-inch  hollow  pile  in  firm  water 
bearing  gravel,  in  which  a  measured  circumferential  area  of  63^  square 
inches  resisted  a  measured  load  of  60  tons,  with  no  initial  observed 
settlement. 

Conclusions  follow  that  any  foundation  on  firm  ground,  deep 
enough  to  be  guarded  against  and  protected  from  lateral  displace- 
ment, can  be  compacted  by  ramming  or  by  driving  short  piles  into 
it,  or,  if  possible,  by  subjecting  it  to  excess  weight,  to  avoid  the  usual 
initial  settlement  due  to  compacting,  and  that  it  will  then,  without 
further  settlement,  resist  pressure  greatly  in  excess  of  that  usually 
allowed. 

Before  concluding,  the  writer  desires  to  note  a  few  observations 
and  reasons  for  his  belief  that  the  general  principles  outlined  in  this 
paper  are  true.  In  the  first  place,  it  is  assumed  that  ground  pressures 
are  not  subject  to  the  same  laws  as  aqueous  pressures.  If  this  were 
not  true,  it  would  be  impossible  to  excavate  deep  trenches  or  tunnels, 
even  in  dry  ground,  without  air-pressure.  Not  only  is  it  possible  to 
work  safely  at  great  depths  in  tunnels  and  trenches,  but  any  one  familiar 
with  such  work  must  realize  that  the  bottom  or  floor  of  a  deep  tunnel 
or  trench  exposed  for  a  large  area  shows  no  evidence  of  pressure  in  nor- 
mally dry  ground.  The  fact  that  pressure  is  not  transmitted  directly 
to  the  exposed  bottom  should  be  conclusive  proof  that  arching  action 
does  exist  in  earth.  It  is  also  true  that  coffer-dams  can  be  sunk  to 
great  depths  in  coarse  sand  or  gravel  adjacent  to  deep  bodies  of  water 
by  means  of  pumping,  i.  e.,  without  air-pressure,  showing  that  the  pres- 
ence of  water  alone  does  not  give  aqueous  properties  to  some  materials. 
If,  then,  the  arching  action  of  normally  dry  earth  exists  to  some  degree, 
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Annual  Report  of  the  Board  of  Directors 

FOR  THE  FISCAL  YEAR  1911 

January  27,  1912. 
To  THE  Members  of  the  Engineers'  Club  op  Philadelphia: 

The  Board  of  Directors  herewith  presents  its  report  for  the  year 
ending  December  31,  1911,  as  follows: 

Eighteen  stated  and  four  special  meetings  of  the  Club  were  held, 
at  which  the  maximum  attendance  was  300  and  the  average  101. 
Nine  regular,  two  adjourned,  and  one  special  meeting  of  the  Board  of 
Directors  were  held. 

The  summary  of  membership  on  December  31,  1911,  as  compared 
with  the  summary  of  December  31,  1910,  is  as  follows: 


1010 

1911 

Clarr.  Resident. 

.    Non-resident. 

Total. 

Resident.    Non-resident.  Total. 

Honorary ....     2 

2 

4 

2                   2                   4 

Active 367 

97 

464 

361                  92                453 

Associate  ....  56 

5 

61 

59                    7                  66 

Junior 49 

10 

59 

52                  12                  64 

474  114  588    '  474  113  587 

Seventeen  Active,  eight  Associate,  and  twenty-one  Junior  Members 
were  elected;  two  Associate  Members  were  transferred  to  the  Active 
grade,  four  Juniors  to  the  Active  grade,  and  seven  Juniors  to  the  Asso- 
ciate grade;  one  Associate  and  five  Active  Members  died;  thirty-one 
Active,  five  Associate,  and  five  Junior  Members  resigned;  two  Asso- 
ciate Members  were  dropped  from  the  rolls,  and  two  Active  Members 
were  reinstated  to  membership. 

The  record  of  deaths  is: 

J.  Roosevelt  Shanley,  Active  Member,  died  August  25,  1910. 
Heber  S.  Thompson,  Active  Member,  died  March  9,  1911. 
Francis  Schumann,  Active  Member,  died  June  29,  1911. 
Howard  Wood,  Active  Member,  died  July  1,  1911. 
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James  Christie,  Active  Member,  died  August  24, 1911. 
Alexander  G:  Sparks,  Associate  Member,  died  October  24,  1911. 

The  following  papers  have  been  presented  before  the  Club: 

January?. — "New  York  City's  Additional  Water  Supply  from 
the  Catskill  Mountains."    Thomas  H.  Wiggin  (Visitor). 

January  13. — "Engineering  Work  of  the  Reclamation  Service.*' 
P.  H.  Newell,  Director  of  U.  S.  Reclamation  Service. 

January  21. — "The  Functions  of  the  Landscape  Architect  in 
Connection  with  the  Improvement  of  a  City."  Thomas  W.  Sears 
(Visitor). 

January  30. — "Esperanto:  Its  Benefit  to  the  Engineer."  Prof. 
A.  M.  Christen  (Visitor). 

February  4. — ^Annual  Address — "The  Beginning  of  Sanitary 
Science  and  the  Development  of  Sewerage  and  Sewage  Disposal." 
President  William  Easby,  Jr. 

February  15. — "The  Engineering  Features  of  the  Panama  Canal." 
Col.  George  W.  Goethals  (Visitor). 

February  18. — "The  Superstructure  of  the  Passyunk  Avenue 
Bridge."    Henry  H.  Quimby  (Active  Member). 

March  4. — "The  Design  of  Impellers  of  Modem  Centrifugal 
Pumps."  N.  W.  Akimoff  (Active  Member) .  "  Engineering  Features 
of  Electric  Furnaces."    Carl  Bering  (Active  Member). 

March  18. — "A  Review  of  the  Progress  of  City  Planning."  B.  A. 
Haldeman  (Active  Member). 

April  1. — "The  Atlantic  Coastal  Project."  J.  Hampton  Moore 
(Visitor). 

April  15.— "The  New  York  State  Barge  Canal."  William  B. 
Landreth  (Visitor). 

May  6. — "The  Principles  of  Scientific  Management."  Frederick 
W.  Taylor  (Visitor). 

May  20.— "The  Forty-second  Street  Bridge  in  Philadelphia." 
Henry  H.  Quimby  (Active  Member). 

June  3.— "The  United  States  Fuel  Testing  Plant."  S.  B.  Flagg 
(Visitor). 

Septebiber  16. — "The  Sanitary  Supervision  of  the  Catskill  Aque- 
duct." Dr.  David  S.  Flynn  (Visitor),  Sanitary  Expert  of  the  Cats- 
kill  Aqueduct  Commission. 

October?. — "Gas  Production,  with  Special  Reference  to  the 
Manufacture  and  Distribution  of  Illuminating  Gas  in  Cities."  C. 
J.  Ramsburg  (Visitor). 
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October  21. — "The  Failure  of  the  Austin  Dam."  John  W. 
Ledoux  (Active  Member). 

November  4. — "The  Present  Activities  and  Progress  of  the  CJoast 
and  Geodetic  Survey."  Prof.  O.  H.  Tittmann,  Superintendent  of  the 
U.  S.  Coast  and  Geodetic  Survey. 

November  18. — "The  Theory  of  Earth  Pressures."  J.C.  Meem 
(Visitor). 

December  2. — "Reclamation  Engineering  in  Russian  Turkestan." 
Arthur  P.  Davis  (Visitor),  Chief  Engineer  of  the  U.  S.  Reclamation 
Service. 

DECEBiBER  16. — "The  Water  Power  Plant  of  the  City  of  Sturgis, 
Mich."    Prof.  Gardner  S.  Williams  (Visitor). 

Two  social  entertainments  were  held  during  the  year.  A  reception 
and  dance  was  held  on  April  24,  1911,  the  expenses  of  which  were 
met  by  subscription,  and  a  smoker  on  November  11,  1911,  the  ex- 
penses of  which  were  defrayed  from  the  Club  funds.  Both  of  these 
functions  were  well  attended  and  successful  in  every  way. 

FINANCIAL  REPORT. 

Following  is  the  report  of  the  Treasurer  upon  the  finances  of  the 
Club.  It  will  be  noted  that  the  statement  of  Income  and  Expense  for 
the  year  shows  the  very  creditable  gain  of  $2308.15.  The  Building 
Fund  notes  have  been  reduced  from  $9500.00  to  $8100.00,  and  one 
$500.00  second  mortgage  bond  has  been  retired  and  cancelled.  The 
finances  of  the  Club,  therefore,  are  in  excellent  condition. 

STATEMENT  OF  ASSETS  AND  LIABILITIES 
AS  AT  DECEMBER  31,  1911. 

ASSETS. 

Cash — Colonial  Trust  Co. — ^Active  Account $409.38 

Colonial  Trust  Co. — Interest  Account 1,572.50 

In  Office 213.70 

$2,195.58 

Accounts  Receivable  Members'  Ledger 3,626.61 

INVENTORY  OF  SUPPLIES  ON  HAND. 

Wines  and  liquors $262.51 

Cigars 195.57 

Fuel 18.20 

Restaurant  provisions 103.19 

$579.47   


Carried  forward $6,401.66 
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Brought  forward $6,401 .66 

PROPERTY. 

Building  No.  1317  Spruce  Street $72,850.00 

Furniture  and  fixtures — Chouse 8,750.00 

Furniture  and  fixtures — ^restaurant 1,200.00 

library 2,100.00 

'    84,900.00 

INSURANCE. 

Perpetual  on  Club  House $1,782.00 

Unexpired  on  furniture 7.86 

1,789.86 

MISCELLANEOUS. 

Bonds  deposited  by  the  Link  Belt  Company 1,000.00 

Sinking  fund  for  bond  redemption 33.20 

F.  H.  Stier,  Treasurer 76.28 

Total  assets $94,200.00 

LIABILITIES. 

Accounts  payable $2,978.53 

Bills  payable— building  account 8,100.00 

Bills  payable 1,500.00 

First  mortgage $40,000.00 

Second  mortgage  bonds 26,250.00 

66,250.00 

Accrued  interest — ^first  mortgage $1,080.00 

Accrued  interest — second  mortgage  bonds 1,572.60 

2,662.60 

Reserve  for  bond  redemption 33.20 

link  Belt  Company  Fund 704.68 

Reserve  for  redemption  of  Link  Bolt  bonds 295.42 

Appropriation  from  Junior  Section  to  Library  Committee  203.49 

CHRISTMAS  FUND. 

Balance,  January  1,  1911 $33.00 

Contributions,  December,  1911 277.00 

$310.00 
Disbursements,  December,  1911 250.00 

60.00 

Total  liabiUties $82,777.72 
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Brought  forward $82,777.72 

SURPLUS. 

Surplus  as  at  January  1,  1911 $7,989.13 

Transfer  of  initiation  fees  from  bond  reserve 625.00 

Cancellation  of  second  mortgage  bond 500.00 

Gain  for  year  1911  as  per  statement  of  income  and  expense  2,308.15 

Surplus  as  at  December  31,  1911 $11,422.28 

$94,200.00 

STATEMENT  OF  INCOME  AND  EXPENSE, 
YEAR  ENDING  DECEBftBER  31,  1911. 

INCOME. 

Dues— net $16,526.96 

Publications: 

Advertising  directory $520.00 

Advertising  Proceedings 588.40 

Sales  Proceedings 44.71 

Total  from  publications 1,153.11 

Miscellaneous  : 

Interest  on  deposits $18.37 

Badge  sales 6.00 

Initiation  fees 780.00 

Reprints 34.00 

Miscellaneous  income 5.70 

Total  miscellaneous  income 844.07 

Club  House  Business: 

Restaurant  sales $7,222.28 

Wine  sales 1,185.26 

Cigar  sales 1,596.52 

Billiards  and  pool 191.55 

Lodging 3,063.58 

Rent  of  meeting-room 137.50 

Total  income  from  Club  House  business  ....  13,396.69 

Total  income,  year  ending  December  31, 191 1 .  $31,920.83 

EXPENSES.  . 
Salaries  and  Wages: 

House  salaries  and  wages $2,922.96 

Office  salaries 2,409.39 

Restaurant  salaries  and  wages 3,815.51 

Total  salaries  and  wages $9,147.86 
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Brought  forward 19,147.86 

Expense: 

House  expense $1,279.79 

OflSce  expense 388.52 

Total  expense 1,668.31 

PXTBLICATIONS: 

Directory  publishing $291.24 

Proceedings  publishing 1,148.86 

Reprints 28.85 

Total  from  publications 1,468.95 

MlSCSLLANEOUS : 

Gas  and  electric  light $921.56 

Telephone 156.05 

Badge  purchasett 4.00 

Club  luncheons 348.00 

Entertainment  Conmiittee 230.95 

Pud 384.25 

Insurance 51.00 

Meetings  Conunittee 503.68 

Membership  Committee 101.50 

Taxes  and  water  rent 943.00 

State  tax  on  bonds 103.00 

Trustees  of  Bond  Redemption  Fund 3.00 

Suspense 49.59 

Total  miscellaneous  expense 3,799.58 

I2«TEBE8T  AND   DISCOUNT: 

Interest  on  first  mortgage $2,160.00 

Interest  on  second  mortgage  bonds 1,255.89 

Interest  on  Building  Fund  notes 363.68 

Discount  on  notes 7.75 

Total  interest  and  discount 3,787.32 

Club  House  Business: 

Restaurant  purchases $6,622.02 

Restaurant  supplies 195.81 

Restaurant  ice 192.88 

Restaurant  laundry 216.01 

Restaurant  renewids 12.97 

Restaurant  equipment 156.21 

Cigar  purchases 1,432.88 

Wine  purchases 853.73 

Billiards  and  pool 35.10 

Total  expense  of  Club  House  business 9,717.61 


Carried  forward $29,589.63 
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Brought  forward 129,589.63 

INVENTORY,  DECEMBER  31,  1911. 

Wmea $262.51 

Cigars 195.57 

Fuel 18.20 

Restaurant  provisions 103.19 

$579.47 

INVENTORY,  DECEMBER  31,  1910. 

Wines $251.23 

Cigars 65.00 

Fuel 66.00 

Restaurant  provisions 89.14 

471.37 

Deduct  increase  in  inventory 108.10 


Total  Club  House  business  exclusive  of  salaries 

and  wages $9,609.51 

Depbeciation: 

Fumitiu^  and  fixtures — house $41.40 

Furniture  and  fixtures — ^restaurant 29.59 

Library .59 

Property 59.57 

Total  depreciation 131.15 

Total  expense,  year  ending  December  31, 1911  $29,612.68 

Net  gain,  year  ending  December  31, 1911  ....  2,308.15 

$31,920.83 

Respectfidly  submitted, 

F.  H.  »nBR, 

Treasurer. 

Audited  and  foimd  correct. 

Stockton  Bates,  C.  P.  A., 

For  Stockton  Bates  and  Sons. 

We  have  examined  this  statement,  prepared  by  the  certified  accountants,  and 
believe  it  to  be  correct. 

W.   B.   RiEGNER, 

D.  Robert  Yarnall, 

Auditors. 
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The  following  is  the  report  of  the  Trustees  of  the  Bond  Redemption 
Fund: 

Fourtii  Annual  Report  of  fhe  Bond  Redemption  Fund. 
Being  a  Statement  of  Biisineas  for  the  Year  1911. 

RECEIPTS. 

Balance  January  1,  1911 $403.39 

1-31  Initiation  fees 105.00 

1-31  Repayment  of  expenses 4.50 

6-30  Interest  on  deposit 1.43 

1514.32 

EXPENDITURES. 

2-10  Bond  No.  205,  at  95  per  cent $475.00 

2-10  Accrued  interest  to  2-15-11 3.12 

6-19  Box  rent 3.00 

— : 481.12 

Balance $33.20 

Bond  No.  205,  par  value  $500.00,  was  purchased  on  February  10,  in  accordance 
with  the  rules,  for  95  per  cent,  and  accrued  interest  to  that  date.  The  bond  and 
unmatured  coupons  were  cancelled  and  delivered  to  the  trust  office  of  the  Colonial 
Trust  Company. 

The  Trustees  hold  no  negotiable  securities. 

Henry  Leffmann, 
Edwin  F.  SMrra, 
Edgar  Marburg, 

Trtuitees. 

We  have  examined  the  above  account  and  believe  it  to  be  correct.  The  bank 
balance  is  of  November  1,  1911,  and  is  correct. 

W.    B.    RiEGNER, 

D.  Robert  Yarnall, 

Auditors. 

Respectfully  submitted, 

The  Board  of  Directors, 
Henry  Hess, 

President. 
W.  P.  Taylor, 

Secretary. 
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ABSTRACT  OF  MINUTES  OF  THE  CLUB. 


Business  Meeting,  January  6,  1912. — ^The  meeting  was  called  to  order  by 
President  Hess  at  8.40  p.  m.,  with  about  65  members  and  visitors  in  attendance. 
The  minutes  of  the  special  meeting  of  December  9th  and  the  business  meeting 
of  December  16th  were  approved  as  printed  in  abstract. 

The  following  motion  was  presented  by  Mr.  Robert  Schmitz  and  carried: 
^'That  the  Secretary  be  instructed  to  send  a  copy  of  the  resolutions  passed  by  the 
Club  at  the  meeting  of  December  9, 1911,  to  each  of  the  other  engineering  societies 
and  clubs  within  the  State,  with  the  request  that  they  take  similar  action." 

Following  a  report  of  the  tellers,  the  President  declared  the  following  elected 
to  membership:  Active,  Charles  Chapman  Anthony,  George  LaRue  Thompson; 
Associate,  Leroy  Moody  Lewis. 

Captain  C.  W.  Dyson,  U.S.N.,  presented  the  paper  of  the  evening,  entitled 
"Propulsive  Machinery  and  Oil  Fuel  in  the  U.  S.  Naval  Service,"  which  was 
discussed  by  Rear  Admiral  George  W.  Melville,  U.S.N.,  Honorary  Member  of 
the  Club,  whose  discussion  was  presented  by  Rear  Admiral  John  R.  Edwards, 
Inspector  of  Machinery  in  the  U.  S.  Naval  Service;  Mr.  Charles  Gordon  Curtiss; 
Mr.  H.  T.  Herr,  of  the  Westinghouse  Co.;  Mr.  Lovell,  Chief  Engineer  of  the  Fore 
River  Ship  and  Engine  Co. ;  Capt.  Bryan,  of  the  U.  S.  Naval  Service  at  League 
Island  Navy  Yard;  Mr.  Charles  Hewitt,  Mr.  E.  J.  Dauner,  and  others. 

On  motion  of  Mr.  Hewitt  a  vote  of  thanks  was  extended  to  Captain  Dyson  and 
all  who  participated  in  the  presentation  and  discussion  of  the  paper. 

On  motion  of  Mr.  Trautwine  a  unanimous  vote  of  thanks  was  extended  to 
President  Hess  for  the  magnificent  lantern  which  he  presented  the  Club  as  a 
Christmas  gift,  and  which  was  used  for  the  first  time  at  this  meeting. 

Regular  Meeting,  January  20,  1912. — The  meeting  was  called  to  order  by 
Vice-President  Hewitt  at  8.30  p.  m.,  with  122  members  and  visitors  in  attendance. 
The  minutes  of  the  business  meeting  of  January  6th  were  approved  as  printed  in 
abstract. 

Two  resolutions  were  read  in  abstract,  and  it  was  announced  that  they  would 
be  brought  up  for  discussion  at  the  following  regular  meeting  of  the  Club. 

Mr.  Henry  Japp,  visitor,  presented  the  paper  of  the  evening,  entitled,  "Sub- 
aqueous Tunneling,"  which  was  discussed  by  Messrs.  H.  H.  Quimby,  S.  M. 
Swaab,  John  C.  Trautwine,  Jr.,  and  others.  On  motion  of  Mr.  Swaab  a  vote  of 
thanks  was  extended  to  Mr.  Japp. 

Special  Meeting,  January  27,  1912. — ^The  meeting  was  called  to  order  by 
President  Hess  at  8.30  p.  m.,  with  75  members  and  visitors  in  attendance. 

Mr.  W.  J.  Barney,  Deputy  Commissioner,  Department  of  Docks,  New  York 
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of  memorial  be  adopted,  waa  read,  discussed,  and,  upon  motion,  unanimously 
indorsed. 

Mr.  H.  Clyde  Snook  presented  the  paper  of  the  evening,  entitled,  "The  De- 
velopment of  Roentgenology,"  which  was  discussed  by  a  niunber  of  members  and 
visitors.  Upon  motion  of  Mr.  Swaab  a  vote  of  thanks  was  extended  to  Mr. 
Snook. 

Business  Meeting,  March  2,  1912. — ^The  meeting  was  called  to  order  by 
President  Hess  at  8.35  p.  m.,  with  62  members  and  visitors  in  attendance.  The 
minutes  of  the  special  meeting  of  February  10th,  and  the  regular  meeting  of 
February  17th,  were  approved  as  printed  in  abstract. 

Following  a  report  of  the  tellers,  the  following  were  declared  elected  to  mem- 
bership: Active,  William  Likens  Brown,  Claude  B.  Hagy,  William  Tudor  Price; 
Junior,  Thomas  M.  Chance,  Clarence  W.  Rodman. 

Mr.  Warren,  of  the  Iszard-Warren  Company,  presented  a  short  paper  descrip- 
tive of  certain  new  features  in  surveyors'  instruments  made  by  that  company. 

Lieutenant  Colonel  Odus  C.  Homey,  U.3.A.,  presented  the  paper  of  the  even- 
ing, entitled,  ''Smokeless  Powder  and  High  Explosives  for  Military  Uses,''  which 
was  discussed  by  Messrs.  Robert  Schmitz,  E.  M.  Nichols,  W.  P.  Taylor,  Henry 
Hess,  H.  M.  Chance,  Martin  Nixon-Miller,  and  others.  On  motion  of  Dr. 
Chance  a  vote  of  thanks  was  extended  to  Colonel  Homey. 

Business  Meeting,  March  16,  1912. — ^The  meeting  was  called  to  order  by 
Vice-President  Hewitt  at  8.20  p.  m.,  with  99  members  and  visitors  in  attendance. 
The  minutes  of  the  business  meeting  of  March  2d  were  approved  as  printed  in 
abstract.  Mr.  H.  H.  Quimby,  Chairman  of  the  Committee  on  Public  Relations, 
presented  the  following  resolution,  which  was  unanimously  adopted: 

*^  Resolved f  that  it  is  the  sense  of  this  Club  that  the  patent  laws  of  the  United 
States  are  in  need  of  revision,  in  order  to  safeguard  more  completely  and  equitably 
the  interests  of  both  inventors  and  the  public,  and  that  to  this  end  the  President 
of  the  United  States  should  be  authorized  by  Congress  to  appoint  a  commission 
of  competent  persons  to  make  a  study  of  the  subject  and  suggest  such  legislation 
as  may  appear  to  be  wise  and  efficacious." 

It  was  further  moved  and  carried  that  the  Secretary  be  instructed  to  transmit  a 
copy  of  this  resolution  to  Congress. 

Mr.  B.  A.  Haldeman,  Chairman  of  a  special  committee  appointed  to  represent 
the  Club  at  a  conference  in  the  Mayor's  office  on  "The  Promotion  of  the  System- 
atic Planting  and  Care  of  Shade  Trees  in  the  City,"  moved  the  adoption  of  the 
following  resolution,  which  also  was  carried: 

**Re8olvedf  that  the  Engineers'  Club  of  Philadelphia  recommend  that  the 
sum  of  $50,000  be  appropriated  by  Councils  to  the  Commissioners  of  Fairmount 
Park,  acting  as  the  Shade  Tree  Commission  of  this  city,  to  be  used  in  encouraging 
and  assisting  the  planting  of  shade  trees  in  the  streets  of  the  city,  and  in  main- 
taining such  trees  as  now  exist  or  may  hereafter  be  planted." 

Dr.  John  A.  Brashear,  of  Pittsburgh,  Pa.,  presented  the  paper  of  the  evening, 
entitled,  "Stellar  Evolution,"  which  was  followed  by  short  addresses  by  Pro- 
fessor Charles  L.  Doolittle  and  Professor  M.  B.  Snyder.  On  motion  of  Mr.  John 
C.  Trautwine,  Jr.,  the  thanks  of  the  Club  were  extended  to  Dr.  Brashear  for  his 
extremely  interesting  and  instructive  paper. 
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Regxtlar  Meeting,  January  18,  1912. — ^Present:  Vice-President  Hewitt, 
Directors  Mebus,  Halstead,  Kerrick,  Worley,  Cooke,  Develin,  Gil^Hn,  Haldeman, 
the  Secretary,  and  the  Treasure. 

The  question  of  auditing  the  Club  accounts  was  brought  up  for  discussion, 
and  the  two  Club  Auditors  present  stated  that  the  informal  audit  they  gave  the 
Club  books  was  neither  fair  to  themselves  nor  to  the  Club.  After  discussion, 
it  was  agreed  that  the  Auditors  certify  to  the  report  for  the  ciurent  year,  but 
that  the  Board  of  Directors  propose  an  amendment  to  the  By-Laws  of  the  Club 
to  the  effect  that  a  certified  public  accountant  be  employed  for  the  annual  audit. 

The  Treasurer  presented  his  annual  report  of  the  finances  of  the  Club,  which 
was  accepted  and  ordered  to  be  printed. 

The  report  of  the  Trustees  of  the  Bond  Redemption  Fund  was  abo  read, 
accepted,  and  ordered  printed. 

It  was  ordered  that  the  Conmiittee  on  DcHnquent  Accounts  be  given  power  to 
act  in  the  matter  of  collections. 

The  Chairman  of  the  Finance  Committee  presented  a  report,  recommending 
that  the  building-fimd  notes  be  retired  in  a  manner  exactly  similar  to  that  em- 
ployed for  the  second-mortgage  bonds.    This  report  was  approved. 

The  House  Committee  presented  a  report,  which  was  ordered  to  be  filed,  and 
the  matters  therein  referred  to  the  House  Committee  to  be  appointed  next  year. 

It  was  moved  that  a  vote  of  thanks  be  extended  to  the  Chairman  of  the  Meet- 
ings Conunittee  for  his  success  in  securing  an  exceptionally  high  standard  of  papers 
during  the  past  year.  It  was  also  moved  that  a  vote  of  thanks  be  extended  to  the 
Chairmen  of  the  House  and  Publication  Committees  for  their  services  to  the 
Club. 

Messrs.  Thomas  H.  Griest  and  D.  L.  Britten  were,  upon  request,  transferred 
from  Associate  to  Active  membership. 

The  following  resignations  were  read  and  accepted:  Jerome  W.  Howe,  Wm.  F. 
Newbery,  G.  M.  Sinclair,  F.  M.  Cresson,  Gordon  Brandos,  Lionel  F.  Levy,  H.  M. 
Geer,  W.  L.  Haynes,  Benjamin  Franklin,  and  J.  F.  Hasskarl. 

Messrs.  J.  W.  Campbell  and  H.  T.  McGaughan  were  transferred  from  resident 
to  non-resident  membership,  provided  that  a  mailing  address  out48ide  the  thirty- 
mile  limit  of  Philadelphia  be  given. 

Letters  from  the  Engineers'  Club  of  St.  Louis,  asking  for  resolutions  relative  to 
patent  laws,  and  a  letter  from  the  Philadelphia  Chapter  of  the  American  Institute 
of  Architects,  recommending  resolutions  on  the  Lincoln  Memorial,  were  read,  and 
ordered  to  be  brought  before  the  next  meeting  of  the  Club. 

A  report  of  the  special  committee  on  ventilating  the  meeting  room  was  read 
and  ordered  to  be  filed. 

The  following  resolution  was  passed : 
7 
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Resoltfedf  that  the  thanks  of  the  Board  be  presented  to  President  Hess  for  the 
gift  of  a  projecting  lantern  and  microscope;  and 

Resolv&if  that  a  plate  be  purchased,  setting  forth  the  date  of  the  donation  and 
the  name  of  the  donor,  and  applied  to  the  lantern. 

Organization  Meeting,  February  15,  1912. — Present:  President  Hess,  Vice- 
Presidents  Hewitt,  Plack,  Mebus,  Directors  Halstead,  CkKike,  Develin,  Vogleson, 
Berry,  Haldeman,  Swaab,  YamaU,  and  the  Secretary. 

It  was  moved  and  carried  that  the  second  part  of  the  resolution  passed  January 
18th,  resolving  that  a  plate  be  afl^ed  to  the  lantern,  be  rescinded. 

The  following  resignations  were  read  and  accepted:  L.  H.  Losse,  H.  E.  Snyder, 
Thomas  F.  Smith,  Wyllys  E.  Dowd,  Jr.,  Thomas  H.  Griest,  Sydney  B.  Strouse,  St. 
John  Chilton,  Charles  F.  Thacher,  Jr. 

The  deaths  of  Francis  J.  Drake  and  Charles  I.  Young  were  announced. 

A  letter  from  the  Treasurer,  relative  to  members  delinquent  in  dues,  was  read 
and  laid  on  the  table  until  the  following  meeting  of  the  Board.  A  report  of  the 
Committee  on  Delinquent  Accounts  was  presented,  the  report  adopted,  and  the 
Committee  discharged  with  thanks. 

The  Secretary  was  instructed  to  put  into  immediate  effect  the  recommenda- 
tions of  the  Committee. 

The  following  were  appointed  standing  Committees  for  the  coming  year,  the 
Chairman  of  each  Committee  to  appoint  one  or  two  additional  members  from  the 
membership  at  large  to  serve  as  associate  members  of  the  Committee: 

House:  F.  K.  Worley,  W.  L.  Plack. 
Meetings:  S.  M.  Swaab,  H.  C.  Berry. 
Membership:  Charles  Hewitt,  F.  H.  Stier. 
Finance:  J.  A.  Vogleson,  David  Halstead. 
Publication:  Charles  F.  Mebus,  St.  George  H.  Cooke. 
Ldbrary:  B.  A.  Haldeman^Richard  Gilpin. 
Publicity:  R.  G.  Devehn,  jE.  J.  Kerrick. 
Advertising:  D.  Robert  Yamall,  Percy  H.  Wilson. 

The  following  were  then  elected  by  the  Board  to  serve  as  Tellers  and  Auditors: 

Tellers:  E.  J.  Dauner,  L.  H.  Kenney,  G.  Wise. 

AUemate  Tellers:  C.  A.  Bockius,  A.  t>.  Morris,  Charles  Elcock. 

Auditors:  W.  B.  Riegner,  J.  H.  M.  Andrews. 

The  following  were  appointed  a  Committee  to  revise  the  rules  governing  the 
Board  of  Directors,  and  to  report  at  the  next  meeting  of  the  Board:  Charles  F. 
Mebus,  S.  M.  Swaab,  W.  P.  Taylor. 

On  motion  the  President  was  authorized  to  appoint  a  Committee  of  eleven  on 
'*  Public  Relations,"  this  Committee  to  be  authorized  temporarily  to  increase  its 
membership  for  specific  purposes,  six  of  the  eleven  members  to  be  appointed 
from  the  membership  of  the  Board.  The  following  were  then  appointed  mem- 
bers of  this  Committee:  H.  H.  Quimby,  Edgar  Marburg,  Henry  Leffmann,  John 
C.  Trautwine,  Jr.,  Edwin  F.  Smith,  Charles  Hewitt,  W.  L.  Plack,  Charles  F.  Mebus, 
S.  M.  Swaab,  Henry  Hess  (ex  officio),  W.  P.  Taylor  (ex  officio). 

The  following  were  appointed  a  Committee  to  prepare  and  present  to  the  Board 
at  its  next  meeting  suggested  amendments  to  the  By-Laws  of  the  Club:  Charles 
Hewitt,  J.  A.  Vogleson,  W.  L.  Plack. 
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It  was  moved  and  carried  that  a  Committee  of  five  be  appointed  to  investigate 
the  oonditioDS  of  this  Club,  and  similar  organizations  in  other  cities,  and  gather  all 
possible  information  about  the  management  of  such  organizations,  and  report  at 
the  regular  meeting  of  the  Board  in  May.  Mr.  Mebus  was  appointed  Chairman 
of  this  Committee,  the  other  members  to  be  appointed  by  him. 

The  Committee  on  Increase  of  Membership  and  the  Art  Conmiittee  were  con- 
tinued. 

The  House  Committee  was  authorized  to  sell  the  old  lantern. 

Regular  Meeting,  March  14,  1912. — Present:  Vice-Presidents  Hewitt  and 
Plack,  Directors  Worley,  Cooke,  Gilpin,  Vogleson,  Swaab,  Yamall,  and  the 
Secretary. 

The  Secretary  announced  that  the  Auditors,  the  Tellers  of  Election,  and  the 
Alternate  Tellers,  with  the  exception  of  Mr.  C.  A.  Bockius,  had  accepted  appoint- 
ment to  these  offices. 

It  was  also  announced  that  the  Committee  to  investigate  Club  Organization 
was  appointed  by  Mr.  Mebus  as  follows:  Charles  F.  Mebus,  S.  M.  Swaab,  F.  K. 
Worley,  D.  Robert  Yamall,  and  W.  P.  Taylor. 

The  Secretary  presented  a  report,  showing  the  condition  of  the  finances,  and 
showing  a  net  gain  of  $68.00  in  the  income  and  expense  account  for  the  first  two 
months  of  1912. 

The  death  of  Melbomne  E.  Davis  was  announced. 

The  resignation  of  J.  A.  Wolle  was  read  and  accepted. 

The  Chairman  of  the  Membership  Committee  reported  that  W.  P.  Dallett  and 
Robert  T.  Mickle  had  been  appointed  associate  members  of  this  Committee. 

Richard  Gilpin,  Chairman  of  the  Library  Committee,  presented  a  report  rela- 
tive to  the  indexing  of  the  library,  which  was  referred  back  to  the  Committee  for 
further  report  at  the  next  meeting. 

In  connection  with  the  work  of  the  House  Committee,  correspondence  from 
Mr.  Carl  Hering  and  Dr.  Owens,  relative  to  spigots  in  the  bath-rooms,  was  read 
and  referred  back  to  the  House  Committee  for  action. 

A  letter  from  Mr.  Hess,  relative  to  an  appliance  for  ventilating  the  meeting- 
room,  was  read  and  referred  to  a  special  committee  on  this  subject. 

The  special  Committee  appointed  to  represent  the  Club  at  a  conference  in  the 
Mayor's  office  on  the  planting  and  care  of  shade  trees  in  the  city  read  its  report, 
which  was  received.  A  resolution  contained  in  this  report  was  ordered  to  be  read 
at  the  next  meeting  of  the  Club.  The  Committee  was  then  discharged  with 
thanks. 

The  report  of  the  special  committee  appointed  to  revise  the  rules  for  the  govern- 
ment of  the  Board  of  Directors  was  read  and  adopted,  subject  to  a  few  changes  in 
phraseology. 
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dent or  Board  of  Directors,  or  on  the  written  request  of  twenty-five  Voting 
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At  East  Avenue  the  grout  retaining  bulkheads  were  built  of  rubble  in  cement 
mortar  about  every  100  feet  apart. 

In  remo\ing  the  shields  after  they  met  the  electric  arc  was  used  for  cutting  out 
the  steel  bulkheads,  floors,  and  vertical  girders  of  the  shields — ^possibly  oxyacety- 
lene  would  have  been  better. 

The  air-tight  bulkheads  supporting  the  air-locks  were  made  of  concrete  placed 
inside  the  bosom  of  the  cast-iron  lining,  and  embracing  the  flanges  for  10  feet, 
taking  in  4  rings.    They  were  removed  by  drilling  and  wedging. 
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DISCUSSION 

Solomon  Swaab^.   Is  it  not  fair  to  assume  that  if  you  eliminate  the  horses 
and  use  the  motor  the  figures  will  change  entirely? 
A.  Yes,  the  whole  problem  changes  then. 

TABLE 

Aybraqb  Expbnsb  pbr 
FiRtT  Cost. 
Matkriau  Sq.  Yd. 

Granite 3.50 

Wood 3.50 

Asphalt 2.00 

Bnck 2.50 

In  Brooklyn  we  have  kept  accurate  costs  from  1902,  and  we  have  a  ten-year 
curve  showing  a  very  uniform  cost.  Asphalt  is  not  a  positive  substance  that  you 
can  tell  how  it  is  going  to  act.  Paving  fifteen  years  old  cost  9  cents  per  yard  per 
year.  If  you  strike  an  average,  there  would  not  be  so  much  difference  between 
the  Buffalo  pavement  and  the  cost  of  the  Brooklyn  pavement.  In  Buffalo  there 
are  records  of  repairs  up  to  twenty  years  out  of  guarantee.  They  say  there,  how- 
ever, that  they  have  not  had  enough  money  to  keep  their  pavements  in  proper 
repair,  and  that  if  they  had  a  Uttle  more  money,  it  would  have  cost  perhaps  10 
to  15  per  cent,  more  than  is  shown. 

A  diagram  received  from  the  city  of  Washington  shows  a  remarkable  condition. 
The  cost  runs  up  to  2  per  cent,  for  the  first  year  under  guarantee,  being  practically 
the  same  as  Buffalo  and  Brooklyn;  it  then  runs  along  up  to  3,  4,  and  5  until  it 
gets  to  the  ninet<jenth  year  under  guarantee,  and  when  the  pavement  is  about 
twenty-four  years  old,  to  about  6J^  cents,  which  is  the  highest  cost;  from  the 
nineteenth  year  on  it  begins  to  drop.  The  pavements  out  of  guarantee  twenty- 
nine  years  cost  2  cents  a  yard  for  repairs.  It  is  a  remarkable  condition,  but  then 
Washington  is  a  remarkable  city — abnormal,  I  may  say,  in  that  respect.  The 
streets  are  wide,  the  traffic  is  light,  and  the  traffic  is  also  fairly  equable,  and  there 
is  enough  money  to  keep  the  streets  in  repair. 

Mr.  Swaab:  Where  you  have  6,  7,  8,  and  9  cents  for  maintenance,  does  that 
mean  that  you  have  maintained  that  pavement  in  its  original  form?  Does 
it  not  depend  upon  what  standanl  you  use? 

A.  Absolutely;  but  in  Brooklyn  we  have  kept  these  pavements  in  absolutely 
good  condition.  In  Buffalo  they  make  the  explanation  that  they  might  have 
spent  10  to  15  per  cent.  more.  In  Washington  the  pavements  have  been  kept 
in  good  condition. 

I  have  a  scheme  for  determining  at  what  time  it  was  proper  to  relay  an  asphalt 
paving: 

Let  N  =  Life  of  proposed  paving. 
C  =Cost  per  square  yard. 
I  =  liate  of  interest. 

R  =  Estimated  cost  of  repairing  if  distributed  over  entire  life. 
A = Sinking  fund  to  be  paid  each  year  to  equal  C  at  the  end  of  N  years. 
X+C  I+R/N  =the  annual  expense  of  new  paving. 
4 
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If  this  annual  expense  is  more  than  it  is  costing  to  keep  the  pavem^it  in  repair, 
it  is  not  policy  to  relay  it.  Perhaps,  by  spending  15  cents  a  yard  on  a  pave- 
ment this  year,  it  might  be  put  in  such  condition  that  next  year  it  would  be 
necessary  to  spend  only  five  cents. 

It  seems  to  me  that  this  is  a  scientific  way  to  determine  when  to  relay  pave- 
ments; that  is,  for  a  sheet  pavement.  Granite  cannot  be  determined  in  the  same 
way. 

Karri  wood  is  used  a  little  in  New  York,  on  Twenty-second  Street  near  Fifth 
Avenue.  It  did  not  give  satisfaction.  Hard-wood  pavements  require  almost  no 
repairs  in  the  first  five  years  as  compared  with  the  soft  woods. 

Wm.  Easby,  Jr. — Are  there  any  standard  surface  mixtures  in  uae;  that  is, 
standards  with  reference  to  the  grading  of  sand,  amount  of  filler  and  bitumen 
used?    Also,  has  it  been  possible  to  adhere  to  such  standards? 

A.  We  have  been  figuring  on  that  to  quite  an  extent  this  past  winter.  The  real 
thing  in  asphalt  is  to  have  the  right  kind  of  bitumen;  that  is  the  thing  which  is 
absolutely  necessary;  then  the  grading  of  the  sand  is  important,  and  also  the 
filler,  as  you  suggest.  There  is  much  questioning  among  engineers  as  to  the 
grading  of  the  sand.  There  are  two  schools — one  believes  in  the  fine  mixture, 
and  the  other,  in  the  coarser.  I  believe  in  the  finer  sand  myself,  and  the  more 
bitmnen  you  can  carry,  the  better  your  pavement  will  be  and  the  longer  it  wUl 
last.  For  a  heavy  traffic  street  I  think  you  should  have  from  11  to  11.5  per  cent, 
of  bitumen.  I  have  forgotten  exactly  what  the  grading  of  the  sand  is,  but  I  favor 
the  use  of  that  which  will  all  pass  a  10-mesh  sieve.  It  is  almost  impossible  to 
find  a  sand  that  will  give  a  perfect  grading,  and  the  contractors,  as  a  rule,  use 
the  best  they  can  get  in  any  locality.    They  mix  it  to  get  it  right. 

The  construction  of  an  asphalt  street  is  a  very  difficult  problem,  and  it  is  a 
strange  fact  that  when  the  asphalt  companies  keep  an  acciunte  record,  mechanic- 
ally and  chemically,  of  how  they  lay  all  their  pavements,  and  then  duplicate  the 
best  as  nearly  as  possible,  they  do  not  get  the  same  results. 

The  first  asphalt  pavement  I  had  charge  of  was  in  Omaha,  Nebraska,  in  1882 
and  1883.  Omaha  is  about  as  difficult  a  place  in  which  to  maintain  an  asphalt 
pavement  in  as  any  in  the  country,  as  the  natural  sand  grading  there  is  bad. 
Omaha's  sununer  temperature  is  from  140°  in  the  sun  to  about  110°  in  the  shade, 
and  in  winter  I  have  seen  it  30**  below.  However,  that  pavement  referred  to 
above  was  down  for  twenty-five  years;  it  was  laid  by  rule-of-thumb,  and  it  was  a 
better  pavement  than  many  laid  today  by  scientific  principles. 

A  few  rules  were  used  in  Omaha  thirty  years  ago.  They  are  doing  better 
now;  but  what  I  mean  is  that  it  is  very  hard  to  get  the  mixture  just  right.  Asphalt 
is  an  artificial  mixture  and  sometimes  gets  too  hot;  if  the  sand  or  the  asphalt 
gets  too  hot,  nobody  knows  anjlhing  about  it,  because  the  man  in  charge  of  the 
work  knows  enough,  usually,  to  keep  quiet.  If  the  asphalt  is  good,  and  is  laid 
with  a  good  grade  of  sand  imder  good  conditions,  it  should  not  fail. 

Q.  Is  there  not  less  chance  of  burning  the  asphalt  now  with  the  steam  coil? 

A.  Yes;  and  if  you  use  the  oil  fuel,  you  can  easily  maintain  the  heat  as  denied. 

W.  H.  FuLWEiLER. — With  reference  to  the  treatment  of  the  wood  blodt: 
you  spoke  of  the  proper  kind  of  oil  to  be  used.  Is  there  any  accelerated  test  by 
which  you  could  determine  to  a  reasonable  degree  the  uses  to  which  this  <ul  ooold 
be  put;  that  is,  as  to  the  complexity  of  the  oil  itself.  Would  you  have  to  wut 
twenty  years  to  be  able  to  tell  whether  the  oil  was  suitable  or  not? 
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A  GREAT  deal  lately  has  been  said  about  what  is  called  city  planning. 
Everything  relating  to  municipal  affairs  has  been  very  fully  dis- 
cussed, including  accounting,  budget  making,  100  per  cent.  eflRciency, 
(commission  government,  and  many  other  things  which  might  be 
classified  as  ideas  or  idiosyncrasies,  as  facts  or  fancies.  City  planning 
has  been  the  subject  of  local.  State,  national,  and  international  con- 
ferences, conventions,  and  exhibitions,  has  been  discussed  in  lectures, 
newspapers,  periodicals,  and  books,  and  one  quarterly  publication  is 
devoted  exclusively  to  this  subject.  Such  evidences  of  wide-epread 
interest  could  not  well  have  been  manufactured  by  those  having  some 
selfish  interest  to  promote,  but  it  seems  quite  clear  that  the  public 
is  becoming  greatly  interested  in  the  subject.  It  cannot,  therefore, 
be  dismissed  as  a  fad  or  as  a  matter  that  appeals  only  to  theorists, 
but  we  must  recognize  it  as  something  real  and  vital  to  the  proper 
growth  of  our  cities.  In  this  paper  an  effort  will  be  made  to  discuss 
the  following  questions : 

1.  What  does  city  planning  mean? 

2.  What  are  its  economic  advantages? 

3.  What  progress  has  been  made  in  city  planning  in  this  and  other 
countries? 

4.  Who  should  be  responsible  for  the  city  plan? 

5.  What  general  principles  should  govern  city  planning? 

First,  then — ^what  is  it?  It  is  simply  the  exercise  of  such  foresight 
as  will  promote  the  orderly  and  sightly  development  of  a  city  and  its 
environs  along  rational  lines,  with  proper  regard  for  the  health  and 
convenience  of  the  citizens  and  for  the  conunercial  and  industrial 
advancement  of  the  community.  It  does  not  mean  what  has  been 
so  often  called  the  ''city  beautiful. ''  It  does  not  mean  or  even  in- 
clude municipal  art,  nor  does  it,  in  the  author^s  opinion,  include  the 
architecture  of  public  or  semi-public  buildings. 
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A  city  planned  in  accordance  with  the  principles  laid  down  in  the 
above  definition  will  surely  become  beautiful;  it  will  lend  itself  to 
artistic  treatment  (not  adornment  by  mimicipal  art,  for  it  is  difficult 
to  explain  in  what  respect  "mimicipal"  art  differs  from  any  other 
kind  of  art);  it  will  provide  adequate  sites  for  public  and  semi- 
public  buildings,  which  can  be  availed  of  by  the  architect  when  the 
time  comes  without  the  expense  of  rearranging  the  street  system  to 
give  them  a  proper  setting.  To  plan  a  city  with  its  final  artistic 
embellishment  would  be  not  only  folly,  but  would  be  far  beyond  the 
capacity  of  any  one  man  or  group  of  men  in  any  one  generation. 
To  attempt  to  designate  the  specific  sites  for  future  public  buildings 
with  a  special  regard  to  the  size,  shape,  and  design  which  those  making 
the  plan  deemed  to  be  most  suitable  would  evidence  an  arrogance  and 
self-complacency  which  would  render  one  unfit  for  the  task  he  has 
undertaken. 

Reverting  to  our  definition,  the  planning  should  include  not  only 
the  city,  but  its  environs — that  is,  it  should  bear  some  relation  to  the 
neighboring  cities  and  the  rural  and  small  urban  districts  which  are 
within  easy  reach.  Every  city  is  supported,  to  a  large  degree,  by 
the  country  behind  or  about  it.  The  idea  that  every  effort  should  be 
made  to  confine  its  working  population  as  far  as  possible  within  the 
red  lines  forming  its  boundaries  is  a  fallacy  having  its  origin  in  the 
selfishness  of  those  who  wish  to  maintain  realty  values  within  the 
city  at  as  high  a  figure  as  possible.  The  object  should  be  to  reduce 
to  a  minimum  the  resistance  to  both  intraurban  and  interurban 
traffic.  This  applies  not  only  to  ordinary  sti-eet  traffic,  whether  by 
vehicles  or  surface  railways,  but  to  steam  and  electrically  operated 
railroads  for  the  transportation  of  passengers  and  freight.  The  idea 
that  railways  are  an  evil  which  must  be  tolerated,  but  that  they  should 
be  kept  out  of  sight  and  should  be  compelled  to  carry  on  their  busi- 
ness almost  surreptitiously,  is  a  grave  mistake.  A  city  cannot  live, 
much  less  grow,  without  them.  A  city  plan  must,  therefore,  pro- 
vide not  only  direct  and  ample  thoroughfares  for  vehicular  traffic 
and  routes  for  the  transportation  of  passengers  to  and  from  their 
homes  within  the  city,  but  it  must  take  into  account  the  vital  nec' 
of  railway  lines  and  terminals  for  the  economic  and  exped&P^' 
ling  of  passengers  and  freight  in  such  a  maimer  as  to  F 
as  possible,  the  time  and  expense  of  transportation  to 
office,  shop,  or  factory,  from  and  to  points  outside  f 

Thoroughfares  should  be  both  radial  and  e^ 
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every  great  city  there  is  always  one  center  of  the  first  importanoe 
with  a  number  of  minor  centers.  The  great  radial  thoroughfares 
will  necessarily  converge  at  the  principal  center,  with  minor  radials 
reaching  the  subordinate  centers,  while  the  circumferential  thorough- 
fares will  connect  the  less  important  centers  with  each  other  and  make 
it  possible  to  go  from  one  to  another  or  to  the  subm^bs  without  passing 
through  points  or  districts  of  traffic  congestion.  The  plans  suggested 
almost  simultaneously  by  Sir  Christopher  Wren  and  Sir  John  Evelyn 
for  the  rebuilding  of  the  central  portion  of  London  after  the  great 
fire  of  1666  illustrate  this  idea,  but,  unfortunately,  neither  plan  was 
carried  out.  It  is  also  shown,  by  the  diagrams  of  radial  and  circum- 
ferential streets  included  in  the  report  of  the  Metropolitan  Improve- 
ments Commission  of  Boston,  which  shows  how  many  links  in  such  a 
system  often  exist,  and  how  relativel}'^  simple  a  matter  it  is  to  supply 
the  omissions.  The  possession  of  such  a  system  of  main  thorough- 
fares would  greatly  simpUfy  the  problem  of  providing  adequate 
transportation  facilities,  which  most  of  our  cities  find  so  diflS^cuit  of 
solution. 

Regard  for  the  health  as  well  as  for  the  convenience  of  the  citizens 
requires  that  there  shall  be  ample  provision  for  open  spaces  for  recrea- 
tion and  amusement.  In  other  words,  that  there  shall  be,  within 
easy  reach  of  every  home,  a  park  where  the  occupants  of  that  home 
can  find  fresh  air  and  out-of-door  rest  or  play.  This  does  not  mean 
that  the  parks  must  necessarily  be  large,  that  they  should  be  highly 
developed  by  the  landscape  architect,  or  that  they  shall  be  located 
upon  most  exi)cnsive  property.  There  are  many  tracts  of  land  of 
varying  sizes  which  are  passed  over  by  the  real  estate  operator  as 
unsuitable  for  development,  and  the  cost  of  which  would  be  ver>' 
small,  but  which,  if  secured  and  held,  would  become  extremely 
valuable  to  the  public  as  parts  of  the  park  system  of  the  future  city. 
Nor  need  they  be  developed  for  years  to  come.  A  piece  of  natiural 
woodland,  a  creek  bottom  now  little  more  than  a  swamp,  a  rockj' 
ridge  or  steep  slope  which  is  unavailable  for  building  purposes,  can 
often,  by  the  building  of  a  few  paths  or  drains,  be  made  to  serve  their 
purpose  as  playgrounds  at  slight  expense.  The  important  thing  is 
to  secure  them  while  they  are  still  cheap,  with  the  right  to  dispose  of 
or  convert  to  other  uses  such  ])ortions  of  them  as  may  not  be  desirable 
for  park  purposes  when  the  city  plan  is  finally  developed.  The 
idea  wliich  seems  to  have  controlled  the  park  policy  of  most  American 
cities  is  that  parks  shall  be  located  and  purchased  only  when  the  actual 
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probable  increase  in  demand  and  capacity  to  supply  that  demand. 
If  the  manufactory  or  the  railway  is  foreordained  to  failure,  the  less 
spent  upon  it  the  better.  There  are  a  few  towns  which  were  laid  out 
during  "boom"  periods  on  lines  which  were  fancied  to  be  those  of  a 
future  metropolis,  where  the  broad  streets  are  grass-grown,  where 
the  public  buildings  are  but  half  occupied,  and  where  everything 
speaks  of  a  splendid  ambition  which  resulted  in  grotesque  failure. 
When  a  city  occupying  a  strategic  geographical  position  has  b^;un 
a  natural  development  which  causes  growing  pains  indicative  of  a 
misfit  in  its  general  plan,  it  is  time  to  look  forward  to  adjust  the  plan 
to  new  conditions  and  to  provide  for  still  further  growth.  To  tear 
down  and  enlarge  is  very  costly — especially  so  when  there  is  no  room 
for  enlargement  without  the  purchase  of  additional  land,  which  has 
become  far  more  valuable  than  when  the  original  enterprise  was  begun. 
This  is  constantly  being  done  by  individuals  and  corporations  whose 
domestic  or  business  requirements  make  it  necessary.  In  every  case 
it  involves  a  distinct  loss,  which  may  be  justified  by  means  to  indulge 
in  a  luxury  or  by  the  prospect  of  increased  profit.  Cannot  the  city, 
it  may  be  asked,  instead  of  trying  to  provide  for  the  remote  future, 
well  afford  the  expense  of  reconstruction  to  adapt  itself  to  its  growing 
needs,  especially  when  it  has  the  power,  through  its  ability  to  lev>' 
taxes  and  assessments,  to  impose  the  cost  of  necessary  changes  upon 
the  property  which  will  be  chiefly  benefited?  No  expense  involving 
the  destruction  of  property  can  be  justified  if  it  can  be  avoided  by  the 
exercise  of  reasonable  foresight,  and  the  taxing  power  of  the  city 
should  not  be  used  unnecessarily.  The  requirements  of  the  modem 
city  are  so  great  that  the  burden  of  taxation  will  inevitably  be  heav>'. 
Improvements  in  the  city  plan  may  increase  values  to  such  a  degree 
that  they  would  be  cheap  at  almost  any  price,  but  if  the  plan  can  be 
so  made  as  to  avoid  the  necessity  for  destructive  changes,  both  the 
city  at  large  and  the  individual  property-owner  will  be  the  gainers. 
To  defer  the  correction  of  mistakes  which  are  quite  apparent  in  well- 
developed  sections  of  the  city,  or  to  put  off  the  adoption  of  a  broader 
policy  in  those  in  process  of  development,  because  land  is  expensive 
and  costly  improvements  would  be  destroyed,  is  not  unnatural,  even 
though  it  be  unwise.  To  fail  to  take  advantage  of  such  object-lessons 
in  parts  of  the  city  where  there  are  few,  if  any,  improvements,  or 
where  the  street  plan  has  not  yet  been  fixed,  is  the  height  of  folly. 
Every  large  city  furnishes  numerous  instances  of  changes  manifestly 
desirable  but  deferred  until  their  cost  has  become  prohibitive.     To 


Leuds — The  Engineer  in  his  Relations  to  the  City  Plan.       203 

show  the  money  value  of  a  good  plan,  not  by  forcing  exaggerated 
values  at  some  points,  but  by  stimulating  a  healthy  growth,  through 
ease  of  access  to  all  sections  of  the  city,  to  schools,  libraries,  museums, 
parks,  and  playgrounds,  it  is  only  necessary  to  examine  the  successive 
annual  assessment  rolls  of  districts  so  favored.  One  specific  instance 
will  be  given.  During  the  sixteen  years  following  the  laying  out  of 
Central  Park,  New  York,  the  average  increase  in  the  assessed  value 
of  real  estate  in  other  parts  of  the  then  city  of  New  York  was  about 
100  per  cent.,  while  in  the  three  wards  adjoining  the  new  park  the 
increase  was  approximately  800  per  cent.  Increase  of  population 
means  almost  invariably  increase  in  wealth  and  taxable  values.  The 
most  notable  increase  in  urban  population  during  the  last  quarter  of 
a  century  has  been  in  Germany.  A  comparison  of  the  rate  of  growth 
of  six  American  and  a  Uke  number  of  German  cities  during  the  last 
thirty  years  will  bear  out  this  statement.  These  cities  were  selected 
at  random  by  the  author  some  years  ago,  simply  because  they  had 
about  the  same  population  in  1880  and  because  they  were  believed 
to  be  typical.     The  increase  by  decades  is  shown  in  the  following  table : 


CXTIBS. 


Cincinnati . 
Breslau 


Buffalo .  .  . 
Cologne . . , 

New  Orleans 
Dresden.  . 


Louisville . 
Hanover . . 


Providence. 
Nuremberg 

Rochester. . 
Chemnitz.  . 


Pop. 
1880. 


225,139 
272,900 

155,000 
144,800 

216,000 
220,800 

123,758 
122,800 

104,850 
99,519 

89,366 
85,000 


Pop. 
1890. 

1 

Peb 

Cent. 

Inc.  10 

Yr«. 

296,309 
335,200 

16.1 
22.8 

255,664 
281,800 

65.0 
94.6 

242,039 
276,500 

12.0 

25.2  ! 

1 

161,005 
163,600 

31.0 
33.2  ; 

132,099 
142,523 

26.0 
43.2 

133,896 
138,955 

49.8 
63.5 

Pop. 
1900. 


325,902 
422,728 

352,387 
372,229 

287,104 
395,394 

204,731 
235,666 

175,597 
261,022 

162,608 
206,584 


PXB 

Cent. 

Inc. 

20YR8. 


27.7 
54.9 

127.1 
157.0 

32.8 
79.0 

65.4 
91.0 

67.5 
162.3 

82.0 
143.0 


Pop. 
1910. 


364,463 
510,929 

423,715 
513,491 

339,075 
546,822 

223,928 
302,384 

224,326 
332,539 

I  218,149 
I  286,455 


Per 
Cent. 

Inc. 
30  Yrs. 


42.8 
87.0 

173.4 
254.6 

56.9 
147.1 

80.9 
146.2 

113.9 
234.1 

144.1 
237.1 


It  is  generally  conceded  that  the  most  scientific,  painstaking,  and 
far-sighted  city  planning  done  in  recent  years  has  been  in  Germany. 
While  it  may  have  been  commenced  for  reasons  somewhat  sentimen 
and  because  of  a  striving  for  that  beauty  which  had  proved  a  ve^ 
asset  in  the  Latin  countries,  it  has  been  continued  because  itt 
to  pay,  and  the  German  cities  are  fast  becoming  the  moet 
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the  most  orderly,  and  the  most  prosperous  in  the  world.  This  is 
not  a  mere  coincidence,  but  the  conclusion  is  justified  that  scientific 
planning  will  promote,  to  a  greater  degree  than  has  heretofore  been 
realized,  not  only  orderly  development,  but  increase  in  population, 
wealth,  and  taxable  values,  to  say  nothing  of  the  convenience,  health, 
and  comfort  of  the  citizens.  Many  of  the  European  cities  have,  on 
account  of  their  antiquity,  one  great  advantage  in  working  out  an 
admirable  plan.  A  serious  impediment  to  their  growth  has  been  the 
old  fortifications  within  which  the  ancient  cities  were  confined.  It 
was  fortunate  for  them  that  before  they  felt  it  safe  to  destroy  the 
old  walls  and  moats  they  had  come  to  a  realization  of  their  value  in 
affording  sites  for  a  splendid  system  of  circumferential  boulevards 
and  open  spaces.  Perhaps  the  most  conspicuous  instance  of  this  use 
is  furnished  by  Vienna,  whose  superb  Ring  Strassen,  occupjdng  the 
spaces  formerly  devoted  to  the  inner  and  outer  fortifications,  with 
its  effective  grouping  of  public  buildings  and  its  system  of  radial 
thoroughfares,  make  it,  perhaps,  the  most  beautiful  of  all  cities. 

In  a  brief  reference  to  recent  progress  in  city  planning  at  home 
and  abroad  sharp  distinction  should  be  drawn  between  the  ambitious 
and  often  spectacular  plans  to  create  civic  centers  with  striking  archi- 
tectural features,  and  the  less  sensational,  but  often  more  important, 
efforts  to  correct,  where  possible,  the  present  plan,  and  to  provide 
for  future  development  a  scheme  wliich  will  permanently  fix  the 
arteries  of  traffic  and  allow  as  great  a  degree  of  flexibility  as  possible 
in  the  filling  in  of  details.  The  establishment  of  a  civic  center,  such 
as  that  now  in  process  of  execution  in  Cleveland,  but  which  is  con- 
fined to  a  limited  area,  and  the  more  comprehensive  plan  under  con- 
sideration by  Chicago,  which  extends  over  many  blocks  surrounding 
the  proposed  center,  are  certainly  impressive.  The  former  will, 
and  the  latter  may,  be  worth  while,  whatever  may  be  their  cost. 
Their  monumental  dignity  and  beauty  appeal  strongly  to  the  imagina- 
tion and  pride  of  the  citizen,  and  the  courageous  optimism  of  the 
cities  of  the  middle  West  and  the  Pacific  coast  may  bring  about  their 
realization,  although  it  will  involve  the  destruction  of  costly  improve- 
ments and  the  entire  rearrangement  of  the  street  system  in  their 
vicinity.  Memphis  and  Kansas  City,  wliich  once  may  have  been 
considered  somewhat  featureless,  not  to  say  commonplace,  cities, 
have  been  developing  park  and  boulevard  systems  which  have  already 
made  them  notable,  and  they  are  doing  it  because  it  has  been  found 
to  pay.     Los  Angeles,  Portland,  and  Seattle  are  working  out  plans 
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Upon  the  Local  Government  Board  has  been  conferred  authority 
formerly  exercised  only  by  ParUament  itself,  the  latter  retaining, 
however,  certain  veto  powers.  The  area  which  may  be  included  in  a 
scheme  is  any  land  which  is  in  course  of  development  or  which  is 
likely  to  be  used  for  building  or  for  open  spaces,  roads,  streets,  parks, 
pleasure  grounds,  or  incidental  works,  and  may  include  land  already 
built  upon  and  even  land  not  Ukely  to  be  used  for  building  purposes, 
if  it  is  so  situated  that  it  ought  to  be  included  in  the  scheme.  The 
Local  Government  Board  may  authorize  a  local  authority  to  prepare 
a  town-planning  scheme  if  the  Board  is  satisfied  that  there  is  a  reason- 
able demand  or  call  for  such  a  plan.  A  scheme  proposed  and  adopted 
by  any  local  authority  cannot  become  effective  unless  it  shall  first 
have  been  approved  by  the  Local  Government  Board,  which  may 
refuse  its  approval  with  such  modifications  and  subject  to  such  condi- 
tions as  it  may  see  fit  to  impose.  Before  approval  by  the  Local 
Government  Board  notice  shall  be  published  by  the  London  or  Eklin- 
burgh  Gazette,  as  the  case  may  be,  and  if  within  twenty-one  days  of 
the  time  of  publication  no  interested  person  or  authority  objects 
to  the  draft  or  the  order  of  approval,  it  shall  be  laid  before  both  houses 
of  Parliament  for  not  less  than  thirty  days  during  a  session  of  Parlia- 
ment, and  if,  before  the  expiration  of  thirty  days,  either  house  presents 
an  address  to  the  Crown  against  the  draft  or  any  part  thereof,  no 
further  proceedings  shall  be  taken,  without  prejudice,  however,  to 
the  making  of  a  new  draft  scheme.  A  town-planning  scheme  once 
adopted  may  be  varied  or  revoked  by  the  same  method  of  procedure 
as  that  followed  in  its  original  adoption.  The  Local  Government 
Board  is  authorized  to  prescribe  provisions  for  carrjdng  out  the  general 
objects  of  town-planning  schemes,  these  objects  being  given  in  the 
widest  terms  in  a  schedule  which  is  a  part  of  the  act,  including  the 
laying  out  and  improvement  of  streets  and  roads  and  the  closing  or 
diversion  of  existing  highways;  the  erection  of  buildings  and  other 
structures;  the  provision  of  open  spaces,  both  private  and  public; 
the  preservation  of  objects  of  historic  interest  or  natural  beauty; 
sewerage,  drainage,  and  sewage  disposal;  lighting;  water  supply; 
the  extinction  of  private  rights-of-way  or  other  easements;  the  dis- 
posal of  land  acquired  by  the  local  authorities;  the  removal,  altera- 
tion, or  demolition  of  any  work  which  would  obstruct  the  carrying 
out  of  the  scheme;  the  making  of  agreements  by  the  local  authorities 
vnth  owners  and  by  owners  with  each  other;  the  right  of  the  local 
authorities  to  accept  anj'  money  or  property  for  the  furtherance  of  the 
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object  of  any  town-planning  scheme,  and  the  regulation  of  the  ad- 
ministration of  such  money  or  property;  the  Umitation  of  time  for 
the  operation  of  the  scheme;  the  codperation  of  the  local  authorities 
with  the  owners  of  land  included  in  the  scheme,  and  the  imposition 
upon  land  whose  value  is  increased  by  the  operation  of  a  town-plan- 
ning scheme  of  the  sum  to  be  paid  on  account  of  their  increase  in 
value. 

In  addition  to  these  general  provisions  there  may  be  incorporated 
in  any  scheme  special  provisions  defining  the  area  and  the  responsible 
authority,  and  especially  deaUng  with  local  conditions,  and  these 
special  provisions  may  vary  or  supersede  not  only  the  general  provi- 
sions, but  even  Acts  of  Parliament,  although  when  any  general  act  of 
Parliament  is  thus  contravened,  special  opportunity  is  given  either 
house  by  resolution  to  reject  the  scheme  before  it  is  finally  approved. 

A  town-planning  scheme  may  originate  in  any  one  of  three  different 
ways: 

1.  Land  owners  may  formulate  a  scheme  which  the  Local  Govern- 
ment Board  may  authorize,  or  after  public  inquiry  may  compel  the 
local  authorities  to  adopt. 

2.  Any  representation  may  be  made  to  the  Local  Government 
Board  that  a  scheme  ought  to  be  prepared  by  a  local  authority,  and 
the  Board  may,  after  public  inquiry,  order  a  scheme  to  be  so  prepared. 

3.  A  local  authority  may  prepare  a  scheme,  but  before  any  public 
money  is  expended,  a  prima  facie  case  must  be  made  out  and  the 
sanction  of  the  Local  Government  Board  obtained. 

The  responsible  authorities  are  given  abundant  power  to  enforce 
an  adopted  scheme  by  removing  any  building  or  work  executed  in 
contravention  of  the  scheme,  and  by  carrying  out,  at  the  expense  of 
the  person  in  default,  any  work  which  is  so  delayed  as  to  prejudice 
the  plan,  and  the  responsible  authorities  may  be  compelled  by  the 
Local  Government  Board  to  exercise'  these  powers. 

The  expenses  incurred  by  a  local  authority  may  fall  under  three 
different  heads : 

L  The  cost  of  preparing  and  promoting  a  scheme.  The  Act  con- 
tains no  provision  as  to  this  expense  beyond  the  fact  that  it  will  be 
charged  in  the  general  tax  of  the  district. 

2.  The  cost  of  acquiring  land  for  the  purpose  of  cft 
scheme.    Compulsory  powers  of  purchase  may  be  ex 
of  the  Local  Government  Board  without  siatu^ 
unless  an  impartial  pubUc  inquiry  shows  that  tin 
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for  the  required  purpose  or  cannot  be  acquired  without  undue  detri- 
ment, in  which  case  any  order  made  by  the  Local  Government  Board 
must  be  confirmed  by  Parliament.  The  price  to  be  paid  for  land 
compulsorily  acquired  is  to  be  determined  by  a  single  Government 
Board  arbitrator,  and  no  additional  allowance  will  be  made  by  reason 
of  the  purchase  being  compulsory. 

3.  Compensation  may  be  allowed  the  land-owners  for  injury, 
and  this  compensation  is  to  be  determined  by  a  single  Local  Govern- 
ment Board  arbitrator,  but  no  allowance  is  to  be  made  for  the  limita- 
tion which  an  adopted  scheme  may  impose  as  to  the  number,  height, 
or  character  of  the  buildings  which  may  be  erected,  nor  for  any  re- 
quirement of  a  scheme  which  may  be  in  force,  nor  for  an3rthing  done 
after  application  has  been  made  for  the  right  to  prepare  a  scheme. 
The  principle  of  betterment  is  also  recognized  to  the  extent  of  one- 
half  the  increase  in  the  value  of  property  by  the  scheme. 

It  will  be  seen  that  the  powers  conferred  upon  the  Local  Govern- 
ment Board  by  the  Town-Planning  Act  are  extraordinary,  and  per- 
haps unprecedented,  and  it  is  quite  probable  that  the  success  or  the 
failure  of  the  act  will  depend  to  a  large  degree  upon  the  manner  in 
which  the  power  is  exercised. 

The  recent  interest  in  questions  relating  to  city  planning  can  be 
largely  credited  to  architects,  landscape  engineers,  civic  orggmzsr 
tions,  and  those  who,  from  motives  which  may  be  altruistic  or  sel- 
fish, wish  to  see  their  city  made  more  liable  and  attractive.  To  these 
men  and  bodies  must  be  given  much  of  the  credit  due  for  the  move- 
ments which  have  resulted  in  the  establishment  of  dignified  civic 
centers,  the  effective  grouping  of  public  buildings,  and  in  many  cases 
the  cutting  through  of  new  thoroughfares.  In  few  instances  have 
engineers  taken  a  conspicuous  part  in  the  planning  or  execution  of 
such  improvements  other  than  the  mere  work  of  physical  construction. 
If  the  principles  enunciated  in  this  paper  are  accepted  as  sound,  it 
must  be  admitted  that  these  spasmodic  efforts,  admirable  as  may  have 
been  their  results  in  many  cases,  are  not  city  planning.  They  are 
often  spectacular,  and  they  attract  the  admiring  attention  of  the 
public.  Real  city  planning  is  more  fundamental  and  will  render 
unnecessary  an  enormous  destruction  of  property  before  real  con- 
structive work  can  be  begun. 

City  planning  in  the  sense  in  which  the  author  has  used  it  is  almost 
wholly  constructive.  Some  demolition  of  improvements  there  must 
be,  but  it  should  take  place  before  they  have  assumed  great  value. 
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onal  streets  appears  to  have  been  recognized,  however,  and  these  were 
not  only  provided  to  establish  direct  connections  with  the  highways 
outside  the  city  limits,  but  they  were  extended  toward  the  center, 
missing  connections  were  supplied  here  and  there  until,  before  the 
public  appears  to  have  been  aware  of  the  fact,  certainly  before  the 
professional  city  planner  descended  upon  the  city,  the  engineeiB  of 
Philadelphia  had  not  only  gone  a  long  way  toward  correcting  the 
inherent  defects  of  the  original  plan,  but  had  provided  a  comprehen- 
sive and  admirable  scheme  for  future  development.  It  is  probable 
that  much  study  and  great  expenditures  will  still  be  required  to  perfect 
this  system  in  the  older  parts  of  the  city,  but  there  is  much  satisfac- 
tion to  be  derived  from  the  knowledge  that  the  mistakes  of  the  past 
are  not  being  repeated  in  the  newer  portions  of  the  city,  as  is  so  gen- 
erally the  case  throughout  this  country.  Notwithstanding  these 
facts  we  do  not  read  or  hear  much  of  Philadelphia  in  city-planning 
literature  and  discussions,  even  though  in  this  city  has  been  held  the 
greatest  city-planning  exhibition  ever  given  in  this  country.  This 
confirms  the  statement,  already  made,  that  the  most  valuable  work 
of  this  kind,  the  work  that  involves  a  minimum  of  expense  in  destruc- 
tion of  improvements  to  attain  the  desired  results,  will  attract  little 
public  attention  or  appreciation.  The  engineer  who  designs  and 
builds  a,  structure  that  is  well  adapted  to  its  purpose  and  will  last  for 
generations  will  receive  little  recognition,  but  if  such  a  structure 
fails,  or  if  its  capacity  proves  inadequate  to  increased  demands,  he 
who  designs  one  more  imposing  and  flamboyant  to  take  its  place  will 
be  acclaimed  a  genius. 

The  author  has  no  desire  to  detract  from  the  credit  which  has  been 
given  to  men  like  Carr(5re,  Burnham,  Bnmncr,  Olmsted,  Nolen,  and 
a  number  of  others,  for  the  admirable  work  done  or  proposed  by  them 
to  redeem  some  of  our  cities  from  the  commonplace.  Their  plans  are, 
many  of  them,  inspiring — some  of  them  extravagant  beyond  hope  of 
realization.  Their  genius  can  and  should  be  availed  of  in  the  con- 
structive work  of  making  our  cities  beautiful,  but  the  destructive 
features  of  their  plans  could  be  largely  avoided  if  the  engineers 
generally,  as  they  appear  to  have  done  in  Philadelphia,  would  bestow 
more  careful  study  upon  their  task  of  preparing  the  original  plan. 

The  general  principles  which  should  govern  the  creation  of  a  city 
plan  ma}"  be  summed  up  under  three  headings: 

Provision  for  future  growi:h. 

Reasonable  regard  for  the  interest  of  the  property  owner  and  the 
tax-payer,  as  well  as  the  public. 
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which  should  be  given  the  traffic  streets  is  not  only  unnecessary,  but 
the  result  is  unpleasantly  monotonous  and  uninteresting,  with  no 
compensating  advantage.  There  is  no  reason  why  individual  prefer- 
ence and  ideas  should  not  be  exercised  by  the  private  developer,  pro- 
vided that  his  development  does  not  interfere  with  the  main  arteries 
of  traffic,  and  provided,  also,  that  it  is  not  inconsistent  with  good 
sanitary  conditions.  Some  of  the  plans  evolved  for  private  develop- 
ment may  cause  a  distinct  shock  to  the  engineer.  This  will  do  him 
no  harm;  in  fact,  he  needs  it  occasionally  for  his  own  good. 

Many  developments  made  by  individuals  or  corporations  before  the 
completion  of  the  plan  for  the  district  in  which  they  are  located  could 
be  incorporated  in  the  final  plan,  provided  there  were  a  disposition  on 
the  part  of  the  developers  to  confer  and  cooperate  with  the  city  au- 
thorities before  making  their  improvements.     Inasmuch  as  property 
sold  as  city  plots  depends  for  its  value  upon  a  street  system  which  will 
afford  access,  it  would  not  appear  unreasonable  to  prohibit  by  statute 
the  sale  or  offering  for  sale  of  lots  in  unmapped  sections,  unless  the 
proposed  plan  of  streets  should  first  have  been  submitted  to  the  mu- 
nicipal authorities  for  their  examination,  approval,  or  correction  in 
order  that  the  proposed  streets  might  be  made  to  conform  with  the 
general  plan  of  main  highways  proposed  for  the  part  of  the  city  in 
which  the  property  is  located.    A  reasonable  time — say  six  months 
— should  be  allowed  for  the  acceptance,  amendment,  or  rejection  of 
the  plan  submitted,  and  if  the  oi)portunity  to  do  so  were  not  availed 
of  within  that  time,  the  owner  might  be  absolved  from  any  obligation 
to  further  delay  the  improvement  and  jsale  of  his  property.     Such  a 
requirement  would  not  appear  to  be  an  unrea.<^onable  restriction  upon 
the  right  of  the  owner  to  use  his  property  to  the  best  advantage,  but 
would  be  a  recognition  of  the  right  of  the  city  to  control  in  some  de- 
gree the  street  plan  upon  which  that  ])roperty  depends  for  its  value, 
while  the  assurance*  to  purchasers  that  the  street  plan  is  definitely 
fixed  and  that  the  homos  they  build  will  not  be  destroyed  by  a  rear- 
rangement of  the  plan  would  add  materially  to  the  value  of  the  prop- 
erty.    It   is  quite  probable  that  rei)utablo  real-estate  developers 
would  not  oi)i)ose  legislation  of  this  character.     Philadelphia  does  not 
appear  to  suffer  from  this  practice  as  much  as  do  other  American 
cities,  first,  for  the  reason  that  its  city  plan  seems  to  have  been  de- 
veloped well  in  advance  of  improvements,  and,  secondly,  because  the 
erection  of  buildings  AAithin  the  lines  of  streets  which  have  been  laid 
down  by  competent  authority  is  forbidden  except  at  the  risk  of  the 
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and  other  public  buildings,  commonly  bought  at  enormous  expense, 
could  properly  be  reserved  for  future  use,  and  it  is  not  unlikely  that 
both  park  and  building  sites  could  thus  be  made  to  pay  for  themselves. 
In  the  cutting  through  of  new  or  the  widening  of  existing  streets  in 
built-up  sections  of  the  city  the  simple  right  to  acquire  entire  parcels, 
portions  of  which  are  needed  for  the  new  or  widened  street,  and  the 
sale  of  the  surplusage  after  the  street  shall  have  been  constructed 
along  the  new  lines,  would,  on  account  of  the  enhanced  value,  enable 
the  city  to  recoup  a  large  portion  of  the  expense,  instead  of  adding  the 
entire  cost  to  the  permanent  debt  of  the  city,  and  at  the  same  time 
enriching  abutting  owners,  first,  through  awards  made  for  damage 
imposed,  and  then  for  the  enormously  increased  value  of  the  property 
which  is  left. 

As  already  stated,  there  is  no  reason  why  subordinate  residential 
streets  should  follow  long,  straight  lines.  This  is  in  a  measure  true  of 
main  traffic  thoroughfares,  but  in  them  the  changes  in  direction  should 
not  be  permitted  materially  to  increase  distance  or  impair  directness. 
Topography  and  existing  improvements  may  be  such  that  expense 
may  be  saved  by  easy  changes  in  direction,  while  at  the  same  time  the 
street  will  gain  in  interest  and  admirable  sites  will  be  afforded  for  im- 
portant buildings,  the  lack  of  which  sites  is  so  painfully  evident  in  a 
rectangular  street  plan. 

It  may  be  thought  that  the  title  of  this  paper  has  been  for- 
gotten, and  that  it  has  l^een  devoted  to  a  discussion  of  what  the  city 
plan  is,  and  the  effect  of  an  intelligent  plan  upon  the  growth  of  the 
city,  rather  than  to  an  attempt  to  point  out  the  relation  which  the 
municipal  engineer  should  bear  to  city  planning.  The  writer  has 
endeavored  to  draw  a  specification,  crude  and  incomplete  though  it 
may  be,  of  the  materials  to  be  used  and  the  work  to  be  done  in  the 
preparation  and  development  of  a  rational  city  plan.  Who  will  best 
measure  up  to  the  specification — the  architect,  the  landscape  archi- 
tect, the  civic  worker,  the  law^'er,  the  business  man,  the  real-estate 
developer,  or  the  municipal  engineeer?  As  already  stated,  it  is  no 
one-man  job.  The  advice  of  ever}'  one  of  the  above  would  be  valuable 
and  should  be  sought.  The  engineer  will  naturally  be  the  first  man 
on  the  ground.  If  he  is  a  broad  man, — a  man  of  imagination,  of 
human  sympathy,  of  business  ability,  with  a  proper  sense  of  propor- 
tion,— he  will  so  lay  the  foundation  of  the  city  plan  that  an  orderly 
development  will  follow,  and  a  large  part  of  the  vast  sums  required 
to  reconstruct  the  plan  and  make  it  fit  changing  conditions  or  adapt 
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Although  there  will  be  one  center  of  greater  importance  than  the  otheiB,  the  peofde 
should  be  encouraged  to  establish  other  centers  for  the  transactioii  of  busineBB. 

In  many  of  our  cities,  particularly  in  Philadelphia,  the  street  systeni  is  now  so 
congested  that  there  is  not  sufficient  space,  cither  on  the  surface  or  under  ground, 
to  care  for  those  necessities  which  arc  so  important  for  the  comfort,  convenience, 
and  health  of  the  people. 

I  agree  with  Mr.  Lewis  that  it  is  the  duty  of  the  engineer  to  place  upon  the 
plan  and  to  provide  for  those  main  avenues  of  transportation  which  are  so  essential 
for  the  development  of  every  city  and  its  adjacent  suburbs,  and  in  planning  or 
replanning  avenues  of  commuuication  pro\nsion  should  be  made  and  direct  routes 
of  travel  laid  out  leading  to  the  various  centers  of  trade,  and  also  to  the  towns  in 
the  vicinity.  By  planning  these  great  avenues  of  communication  their  harmo- 
nious development  will  result. 

The  cities  of  Germany  ai)pear  to  be  growing  more  rapidly  than  those  in  our 
country,  yet  many  American  towns  are  developing  with  remarkable  rapidity, 
and  unless  we  anticipate  the  needs  of  the  future  by  intelligently  planning  for  this 
great  growth,  there  will  be  much  tearing  down  of  buildings  and  reconstruction  of 
streets  to  furnish  the  necessarj'  facilities  for  the  carrjnng  on  of  trade  and  the 
transaction  of  business. 

It  is  gratifying  that  so  many  cities,  both  in  this  country  and  abroad,  are  pre- 
paring comprehensively  for  the  future,  not  only  in  providing  sufficient  highway's, 
but  also  open  places  for  parks,  playgrounds,  and  for  the  purix)se  of  erecting  public 
and  semipublic  buildings. 

Thcnse  matters  must  necessarily  receive  greater  attention  in  the  future  as  the 
people  at  large  are  realizing  the  iiecessitj*  of  providing  healthy  environments  for 
the  proix?r  development  and  growth  of  cities. 

B.  A.  Haldkman'. — I  feel  that  I  can  join  with  Mr.  Trautwine  in  saying  that 
practically  every  sentence  of  Mr.  I-.ewis's  pajHT  pro\'ides  a  text  for  a  sermon — 
there  are  so  many  things  in  it  that  all  of  us  who  are  interested  in  town  planning 
and  in  the  proper  development  of  a  city  can  take  home  and  study. 

One  very  interesting  part  of  it  is  that  in  regard  to  the  comparative  growth  of 
American  and  Clennan  cities.  It  is  somewhat  surprising  to  learn  that  German 
cities  have  grown  so  much  more  rapidly  than  American  cities,  for  the  idea  is 
l)revalent  that  the  opposite  has  bwu  the  case.  1  tliink  a  reason  for  this  is  that 
the  mothoils  of  planning  and  taking  care  of  the  population  of  the  German  cities 
have  develoiKHi  them  more  completely.  The  German  cities  are  now  planning 
much  better  than  formerly,  and  are  taking  advantage  of  their  opportunities  in 
the  best  possible  manner.  Ah  hough  the  growth  of  our  American  cities  has  been 
very  rapid,  it  is  probable  that  unless  in  our  town  planning  we  are  able  to  devise 
ways  and  means  for  getting  our  people  more  out  into  the  country,  congestion  is 
Hkely  to  increase  more  rapidly  in  the  future  than  it  has  done  in  the  past.  Big 
cities,  such  a.s  Boston,  New  York,  and  Philadelpliia,  must  provide  better  measures 
for  taking  care  of  the  growing  population  and  proWding  the  things  that  that 
population  is  going  to  need  in  the  conduct  of  its  daily  life  and  business;  unless 
they  do  this,  they  will  not  be  doing  their  dutj'  by  their  people. 

Mr.  Lewis  has  paid  the  Philadelphia  engin(K.*r8  a  very  great  compliment  in  his 
paper,  which  1  trust  those  who  have  been  actively  engaged  in  the  planning  of 
l^hiladelphia  deserve.  1  regret  that  more  of  the  enginet»rs  engaged  in  that  plan- 
ning are  not  here  tonight. 
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suburban  towns  and  the  country  districts.  If,  in  addition  to  the  table  which  Mr. 
Lewis  showed  to  us,  we  had  another  table  comparing  as  nearly  as  may  be  the 
American  cities  with  French  cities,  for  instance,  or  Italian  cities  or  Ruaaiaii  dties 
of  the  same  or  nearly  the  same  population » we  might  perhaps  reach  a  more  definite 
conclusion  as  to  the  precise  effect  which  the  city  planning  would  have  on  the 
population,  because  such  a  comparison  would,  to  some  extent,  eliminate  all  other 
factors  to  which  I  have  referred. 

Philadelphia,  with  its  rectangular  streets  and  quite  a  number  of  diagonal  streets, 
is  no  doubt  as  well  situated  or  in  as  good  a  position  for  the  adaptation  of  a  com- 
prehensive plan,  such  as  has  been  spoken  of  by  Mr.  Lewis  tonight,  as  any  other 
city  of  the  United  States.  Still  the  apparent  introduction  in  some  of  the  Euro- 
pean plans  of  crooked  streets  in  place  of  straight  ones  is  not  always,  to  my  mind, 
the  wisest  plan,  and  I  hardly  believe  that  the  introduction  of  crooked  streets  in 
place  of  straight  ones  w^ould  be  considered  the  best  policy  in  our  plan,  because 
traffic  will  naturally  seek  a  straight  course  to  reach  its  destination  in  the  shortest 
time.  Yet  we  all  know  that  crooked  streets  sometimes  cannot  be  avoided,  as, 
for  instance,  when  the  grades  arc  such  as  to  make  it  advisable  to  deviate  from  the 
plan  to  avoid  steep  hills. 

Mr.  Lewis. — I  would  like  to  add  a  word  in  connection  with  what  the  last 
speaker  has  said.  In  considering  the  figures  showing  the  increase  in  population 
of  certain  German  cities  over  certain  American  cities,  it  would  be  well  to  bear  in 
mind  the  fact  that,  during  the  last  decade,  or  from  1900  to  1910,  the  increase  in 
population  of  Germany  was  16  per  cent.,  while  the  increase  in  that  of  the  United 
States  was  21  per  cent.  There  must  have  been,  therefore,  a  very  great  drift  of 
rural  population  toward  the  cities  in  Germany — a  much  more  notable  drift  than 
was  the  case  in  this  country  during  the  last  decade.  A  great  number  of  the  immi- 
grants to  the  United  States  go  to  the  cities.  In  New  York  the  foreign-bom  popu- 
lation is  increasing  aX  an  cnornious  rate.  Yet,  notwithstanding  the  movement  of 
our  own  people  from  the  country  to  our  cities,  and  notwithstanding  the  fact  that 
the  rate  of  increase  in  the  population  of  our  entire  country  has  been  about  25  per 
cent,  greater  than  the  rate  of  increase  in  Germany,  the  German  cities  have  still 
grown  faster  than  ours. 

I  think  it  is  only  fair  to  say  that  in  some  German  cities,  with  wide  and  beautiful 
streets  lined  with  imposing  buildings,  the  conditions  of  housing  are  said  to  be 
worse  than  those  which  prevail  in  Ix)ndon  or  in  the  smaller  manufacturing  towns 
of  England,  where  the  single-family  house  is  the  rule  rather  than  the  exception. 
The  higher  land  values  in  German  cities  resulting  from  the  greater  cost  of  the 
improvements  appears  to  compel  a  more  intensive  use  of  the  residential  area  in 
order  to  secure  a  fair  n?turn  on  the  investment. 

One  gentleman  has  confessed  to  a  horror  of  increased  taxation.  That  is  in- 
born; we  naturally  dread  it,  and  nobody  hkes  it;  but,  in  my  opinion,  we  in  this 
country  do  not  know  what  taxation  is  in  comparison  with  that  in  Europe. 

Mr.  Haldeman. — Although  the  streets  and  buildings  of  German  cities 
are  beautiful,  manj'  of  the  fine  fayades  conceal  conditions  which  are  worse  even 
than  those  in  London.  This  is  so  true  that  there  is  probably  no  place  in  the  world 
where  such  strenuous  attempts  have  boon  made  to  improve  the  conditions  of  the 
people,  and  those  attempts  have  producwi  wliat  is  callecl  the  "Zone  System," 
under  which  municipal  councils  control  the  use  and  occupancy  of  land.     For- 
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60  per  cent.  That  law  makes  it  impossible  to  put  up  a  single  tenement  house,  but 
compels  the  taking  of  a  large  area  and  the  bmlding  on  that  large  area  of  a  suitable 
dwelling.  The  next  requirement  of  the  law  is  that  every  room  in  that  house, 
every  space  that  is  not  absolutely  a  clothes-press  or  similar  compartment,  must 
have  a  full-sized  window  opening  to  the  air.  That  does  not  mean  a  abaft  which 
makes  an  excellent  draft,  but  it  means  an  air-space  which  is,  if  my  memory  serves 
me  correctly,  60  per  cent,  of  the  height  of  the  highest  adjoining  wall.  These 
buildings  arc  generally  put  up  in  the  form  of  an  inclosure  around  a  large  open 
central  space. 

The  next  requirement  is  that  the  building  must  be  fireproof:  the  doorway  to 
the  court  must  be  constructed  and  located  in  such  a  way  that  the  fire-engines  can 
drive  through — something  like  the  entrances  to  our  City  Hall. 

Mention  was  made  of  the  fact  that  very  imposing  exteriors  oftentimes  cover 
wTetched  interiors.  That  is  no  longer  true  of  the  German  cities  in  those  portions 
that  ai;p  growing.  They  do  not  pull  down  and  build  immediately  any  more  than 
we  do,  but  they  do  not  allow  their  slums  to  grow.  There  are  occasionally  to  be 
seen  modem  frontages,  and  behind  them  a  huddle  from  an  older  period,  but  that 
is  only  a  disappearing  renmant. 

Municipal  work  is  better  done  in  Germany  than  in  any  other  country  in  the 
w^orld;  not  because  they  are  more  competent  than  anywhere  else,  but  over  there 
people  go  into  the  governmental  service  as  an  absolute  career.  Here  a  boy  makes 
up  his  mind  what  he  is  going  to  be, — a  doctor  or  a  lawyer,  or  what  not, — ^while 
over  there  a  boy  decides  for  some  line  of  public  work:  his  whole  career  is  shaped 
to  that  from  the  beginning,  and  in  the  spirit  that  his  chosen  career  is  his  life's 
work.  When  ho  gets  his  appointment,  he  knows  that  he  will  go  along  the  whole 
line  of  promotion  from  position  to  position.  There  is  not  very  much  pay,  but  he 
knows  that  if  an>ihing  happens  to  him  he  will  be  taken  care  of,  as  will  also  his 
wife  and  his  children,  if  he  has  any.  Therefore  these  p(H)ple  do  not  need  to  get 
very  liigh  pay.  They  have  no  heavy  expenses,  and  they  live  up  to  the  handle 
of  their  incomes.  I  believe  that  absolute  certainty  of  office  and  the  fact  that 
tliey  follow  a  chosen  career  from  the  h(»giniiing  make  for  efficiency  more  than 
any  other  one  feature.  Over  there  citizenship  in  a  town  has  nothing  to  do  with 
office  holding — municipal  office  is  not  a  i)lum  awardetl  by  a  successful  ward  boss. 
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1858—1912. 

(By  court49y  of  the  Bngineering  Newt.*) 

Professor  H.  W.  Spangler,  Whitney  Professor  of  Dynamical 
Engineering  at  the  University  of  Pennsylvania,  died  at  his  home  in 
Philadelphia  on  March  17, 1912,  of  heart  disease,  after  a  serious  illness 
of  several  months.  The  first  attack  of  this  ailment  befell  him  in  the 
late  summer  of  1909,  while  in  the  wilds  of  Maine,  his  sole  com- 
panion being  a  guide.  Upon  partial  recovery  he  resumed  his 
duties  at  the  University,  with  characteristic  determination,  and  against 
the  protests  of  his  friends,  until  the  progress  of  his  disease  compelled 
him,  three  or  four  months  ago,  to  relinquish  all  active  duties. 

Henry  Wilson  Spangler,  son  of  John  Kerr  and  Margaret  Ann  (Wil- 
son) Spangler,  was  bom  at  Cariisle,  Pa.,  on  January  18,  1858.  He 
was  graduated  with  high  rank  at  the  United  States  Naval  Academy, 
as  Cadet  Engineer,  with  the  class  of  1878.  Two  other  members  of 
that  class  have  attained  to  prominent  positions  in  the  field  of  engi- 
neering education,  namely.  Professor  Ira  N.  HolUs,  head  of  the  Engi- 
neering Department  at  Harvard  University,  and  Professor  M.  E. 
Cooley,  Dean  of  the  Department  of  Engineering  at  the  University 
of  Michigan. 

Professor  Spangler  was  assistant  engineer  in  the  United  States  navy 
from  1878  to  1889,  although  for  about  half  that  period  he  was  con- 
nected, on  detached  service,  with  the  Faculty  of  the  University  of 
Pennsylvania,  first  as  Assistant  Professor  of  Mechanical  Engineering 
from  1881  to  1884  and  from  1887  to  1889,  and  then  as  full  professor, 
holding  the  Whitney  Professorship  of  Dynamical  Engineering.  Dur- 
ing the  Spanish-American  War  in  1898  he  served  for  a  brief  period  as 
chief  engineer  in  the  United  States  navy.  With  the  exception  of 
that  short  interval,  he  was  in  the  service  of  the  University  as  the  head 
of  the  Mechanical  and  Electrical  Engineering  Department  continu- 
ously from  1887  until  his  death.     The  high  standard  of  excellence  to 
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which  this  department  has  attained  is  due  largely  to  his  remarkable 
talents  as  a  teacher  and  his  pronounced  ability  as  an  executive  officer. 

When  he  assumed  his  duties  at  the  University  the  Department  of 
Mechanical  Engineering  was  housed  in  a  single  room  on  the  third 
floor  of  College  Hall,  its  equipment  consisting  only  of  a  wooden  model 
of  a  locomotive  valve  gear  and  a  Crosby  indicator.  A  small  labora- 
tory, in  which  the  principal  features  were  a  5  H.P.  vertical  boiler  and 
a  4  by  4  inch  vertical  engine,  connected  by  belt  to  two  dynamos,  was 
afterward  installed  in  the  basement.  The  establishment  of  a  central 
lighting  and  heating  plant  by  the  University  in  1891  afforded  the 
desired  opportunity  of  erecting,  in  connection  therewith,  a  building 
devoted  to  instruction  in  mechanical  and  electrical  engineering. 
Within  two  years  after  its  construction  the  number  of  students  had 
increased  to  such  an  extent  that  the  capacity  of  this  modest  building 
became  overtaxed.  That  condition  continued  until  the  completion, 
in  190G,  of  the  present  Engineering  Building,  affording  accommoda- 
tions to  all  the  engineering  departments  of  the  University,  in  which 
the  aggregate  registration  this  year  is  733. 

For  many  years  Professor  Spangler  also  rendered  highly  efficient 
services  to  the  University  as  Director  of  the  Light,  Heat,  and  Power 
Station,  and  was  intrusted  with  the  design  of  the  heating,  lighting, 
and  ventilating  installations  for  the  many  important  buildings 
erected  by  the  University. 

Professor  Spangler  was  the  author  of  a  niunber  of  standard  text- 
books and  numerous  technical  papers  and  professional  reports. 
Tlic  text -books  from  his  pen  embrace  "Valve  Gears"  (1890);  "Notes 
on  Thermodynamics"  (1901);  ''Elements  of  Steam  Engineering," 
in  collaboration  with  A.  M.  (Ireene,  Jr.,  and  S.  M.  Marshall  (1903); 
"Graphics"  (1908);  and  ''Applied  Thermodynamics"  (1910).  Of 
these  books,  *' Valve  Gears"  has  passed  through  two  editions,  "Notes 
on  Thermodynamics"  through  five  editions,  and  ''Elements  of  Steam 
Engineering"  is  in  its  third  edition.  As  a  writer,  his  chief  charac- 
teristics were  his  painstaking  efforts  to  present  the  subject  in  the 
simplest  and  clear(\st  manner  consistent  with  the  intended  scope  of 
treatment,  and  to  keep  in  view  the  practical  requirements  of  pros- 
pective engineers,  rather  than  theorists.  As  a  teacher,  he  was  lucid, 
stinmlating,  progressive,  and  always  intensely  practical.  His  first 
concern  was  to  help  the  students  to  gain  a  firm  grasp  of  the  underly- 
ing principles  of  the  subject,  and  then  to  encourage  them  to  rely  on 
their  own  resources  in  the  application  of  these  principles.     On  no 
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clearly,  and  almost  intuitively,  the  essential  elements  of  a  seemingly 
difficult  problem  or  complex  situation,  and  he  was  as  quick  in  action 
as  in  perception.  Few  excelled  him  in  the  clear  discemment  of  the 
fallacies  of  an  argument  or  in  the  directness  of  the  challenge  of  such 
fallacies.  Of  a  thoroughly  progressive  bent,  he  did  not  allow  himself 
to  be  beguiled  into  strange  paths  by  the  educational  fads  and  folliei^ 
of  the  hour.  The  business  of  education  was,  to  him,  a  serious  busi- 
ness, with  which  liberties  were  not  to  be  taken  lightly. 

Professor  Spangler  was  married  to  Nannie  Jane  Foreman,  of  Car- 
lisle, Pa.,  on  December  1,  1881.  Their  union  was  blessed  with  three 
children,  of  whom  one  son,  Henry  Wilson  Spangler,  Jr.,  survives. 
Professor  Spangler's  remains  are  interred  in  Carlisle,  Pa. 
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GEORGE  WALLACE  MELVILLE. 

\  

JOHN  C.   TRAUTWINB,   JR. 

Pretented  April  6,  191M. 

George  Wallace  Melville  was  born  in  New  York  city  January 
10,  1841,  of  Scottish  ancestors,  whose  records  abound  in  evidence 
of  that  uncompromising  decision  of  character  which  so  strongly 
marked  him. 

After  early  education  in  the  public  schools  of  Brooklyn  and  a 
scientific  course  in  the  Brooklyn  Polytechnic  Institute,  he  was  appren- 
ticed to  the  proprietor  of  a  machine-shop  in  East  Brooklyn. 

Upon  the  outbreak  of  the  civil  war,  in  1861,  he  entered  the  United 
States  navy  as  third  assistant  engineer  of  a  steam  frigate,  and  he 
remained  in  the  service  of  the  Navy  Department  until  his  retirement 
in  1903,  and  in  intimate  relations  with  it  up  to  the  time  of  his  death, 
on  March  17,  1912. 

During  the  civil  war  he  was  active  in  many  important  engagements, 
notably  in  the  ramming  of  the  Confederate  cruiser  "Florida"  by 
the  "Wachusett,"  in  Bahia  harbor,  Brazil,  in  October,  1864.  Mel- 
ville urged  ranuning,  but  the  oflScers  of  the  **Wachusett"  hesitated, 
fearing  rupture  of  her  boilers;  whereupon  Melville,  with  one  fireman, 
who  refused  to  leave  him,  operated  the  boilers  and  engine  of  the 
"Wachusett,"  and  the  ** Florida"  was  successfully  rammed. 

About  1865  Melville  took  part  in  surveys  on  the  American  Isthmus, 
looking  to  the  determination  of  the  feasibility  of  an  interoceanic 
ship-canal. 

He  was  several  times  stationed  at  the  Philadelphia  Navy  Yard 
as  assistant  to  the  Chief  Engineer. 

In  1887,  while  acting  as  inspector  at  Cramps'  ship-yard  in  Phila- 
delphia, Melville  was  appointed,  by  President  Cleveland,  Chief  of 
the  Bureau  of  Steam  Engineering,  and  ex  officio  Engineer  in  Chief  of 
the  United  States  navy,  and  he  served  in  this  capacity  four  terms 
of  four  years  each,  until  his  retirement,  in  1903,  serving  u' 
administrations  of  Presidents  Cleveland,  Harrison,  McK 
Roosevelt.    Under  the  Personnel  Law  of  March  4,  l 
Rear-Admiral. 
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To  the  general  public  Melville  is  perhaps  best  known  by  his  three 
arctic  expeditions:  First,  in  1873,  as  engineer  officer  of  the  "Tigress," 
which  rescued  Captain  Hall's  "  Polaris  "  party  ofif  the  coast  of  Labrador; 
second,  and  most  notably,  in  1879-82,  as  engineer  officer  of  the  "  Jean- 
nette,"  under  command  of  the  ill-fated  George  W.  De  Long,  whose 
remains  were  afterward  found  by  Melville,  after  long  search  attended 
by  incredible  hardships;  and  third,  in  1883,  as  Chief  Engineer  of  the 
flagship  "Thetis,"  of  the  squadron  under  Admiral  (then  Captain) 
Winfield  S.  Schley,  which  found  and  rescued  Greely  and  the  survivws 
of  his  party  at  Cape  Sabine,  North  Greenland.  For  his  participation 
in  this  exploit  Melville  received,  from  Congress,  a  gold  medal  and  an 
advance  of  fifteen  numbers  in  rank.  The  two  expeditions  last  named 
are  described  in  his  book  entitled  "  In  the  Lena  Delta,"  Boston,  1885. 

Among  Melville's  numerous  inventions  was  a  hinged  periscope 
for  submarines,  enabling  them  to  operate  in  shallower  waters  than 
were  practicable  with  the  fixed  type.  In  cooperation  with  Mr. 
Henry  G.  Bryant,  recently  President  of  the  Geographical  Society  of 
Philadelphia,  he  devised  a  sealed  cask,  to  be  used  by  navigators  in 
arctic  seas,  for  the  purpose  of  showing,  by  their  drift,  the  directions 
and  velocities  of  ocean  currents. 

His  best-knowTi  invention,  however,  is  the  speed-reduction  gpar 
for  turbine  steamers,  recently  elaborated  in  conjunction  with  his 
late  partner,  Mr.  John  H.  Macalpine,  and  constructed  and  success- 
fully tested  by  Mr.  George  Westinghouse,  at  the  works  of  the  West- 
inghouse  Machine  Company,  East  Pittsburgh.  At  a  meeting  of  this 
Club,  held  January  6th  of  the  current  year,  Rear-Admiral  John  R. 
Edwards  read,  for  Admiral  Melville,  who  was  present,  a  paper  explain- 
ing the  design,  construction,  and  application  of  this  speed-reducer. 

One  of  Melville's  most  noteworthy  contributions  to  the  literature 
of  applied  science  is  recorded  in  the  *' Report  of  the  U.  S.  Naval 
*  Liquid  Fuel'  Board,"  showing  the  relative  efficiencies  of  coal  and  of 
li(iuid  fuel,  as  determined  by  a  series  of  tests  made  under  his  direction 
and  prosecuted  uninterruptedly  for  twenty-eight  months.  The  report 
was  published  at  the  Government  Printing  Office,  Washing^n,  in 
1904. 

In  a  paper  printed  in  the  Annals  of  the  American  Academy  of 
Political  and  Social  Science,  July,  1905,  Admiral  Melville  expressed 
the  view  that  **our  voluntary  assumption  of  responsibilities  beyond 
our  natural  boundaries  i:?,  from  a  naval  viewpoint,  a  serious  weakness," 
and  that  the  building  of  the  Isthmian  Canal,  "  while  in  a  purely  naval 
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and  in  the  warm  regard  in  which  they  held  him.  Althougji  his  life 
was  devoted  to  the  service  of  his  country,  he  took  no  interest  in  that 
scramble  for  place  and  power  which  we  miscall  ''politics/'  and  it  was 
his  boast  that  he  had  never  cast  a  vote. 
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Business  Meeting,  March  16,  1912. — ^The  meeting  was  called  to  order  by 
Vice-president  Hewitt  at  8.20  P.  m .,  with  99  members  and  visitors  in  attendance. 
The  minutes  of  the  Business  Meeting  of  March  2d  were  approved  ias  printed  in 
abstract.  Mr.  H.  H.  Quimby,  Chairman  of  the  Committee  on  Public  Relations, 
presented  the  following  resolution,  which  was  unanimously  adopted: 

^^  Resolved,  That  it  is  the  sense  of  this  Club  that  the  patent  laws  of  the  United 
States  are  in  need  of  revision,  in  order  to  safeguard  more  completely  and  equitably 
the  interests  of  both  inventors  and  the  public,  and  that  to  this  end  the  President 
of  the  United  States  should  be  authorized  by  Congress  to  appoint  a  commission 
of  competent  persons  to  make  a  study  of  the  subject,  and  suggest  such  legislation 
as  may  appear  to  be  wise  and  efficacious.'' 

It  was  further  moved  and  carried  that  the  Secretary  be  instructed  to  transmit 
a  copy  of  this  resolution  to  Congress. 

Mr.  B.  A.  Haldeman,  chairman  of  a  special  committee  appointed  to  represent 
the  Club  at  a  conference  in  the  Mayor's  office  on  "The  Promotion  of  the  System- 
atic Planting  and  Care  of  Shade  Trees  in  the  City,"  moved  the  adoption  of  the 
following  resolution,  which  also  was  carried: 

*' Resolved f  That  the  Engineers'  Club  of  Philadelphia  recommend  that  the 
sum  of  $50,000  be  appropriated  by  Councils  to  the  Commissioners  of  Fairmount 
Park,  acting  as  the  Shade  Tree  Commission  of  this  city,  to  be  used  in  encouraging 
and  assisting  the  planting  of  shade  trees  in  the  streets  of  the  city,  and  in  main- 
taining such  trees  as  now  exist  or  may  hereafter  be  planted." 

Dr.  John  A.  Brashear,  of  Pittsburgh,  Pa.,  presented  the  paper  of  the  evening, 
entitled  "Stellar  Evolution,"  which  was  followed  by  short  addresses  by  Pro- 
fessor Charles  L.  Doolittle  and  Professor  M.  B.  Snyder.  On  motion  of  Mr. 
John  C.  Trautwine,  Jr.,  the  thanks  of  the  Club  were  extended  to  Dr.  Brashear  for 
his  extremely  interesting  and  instructive  paper. 

Business  Meeting,  April  6,  1912. — ^The  meeting  was  called  to  ocder  by  Vice- 
president  Plack  at  8.30  p.  m .,  with  82  members  and  viators  in  aitendaiioe.  The 
minutes  of  the  Business  Meeting  of  March  Idth  were  iquprofed  m  ptfatwl  in 
abstract. 

Dr.  Marburg  presented  a  memorial  of  Henry  WUbqo  fir 
of  the  Club,  prepared  by  Dr.  Marbuig  and  Frolf 
presented  a  memorial  of  George  W.  MdhriBc^  ygm 
wine,  Jr. 

Following  a  report  of  the  Tellas,  the  toBm 
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bership:  Active,  Morris  L.  Cooke,  William  H.  Hultsren  and  Alexander  T.  Lewis; 
Junior,  Carl  D.  Buchholz  and  Frederick  W.  Renter. 

Mr.  George  W.  Tilbon  presented  the  paper  of  the  evening,  entitled,  "Recent 
Improvements  in  Street  Pavements,''  which  was  discussed  by  Messrs.  Wm. 
Easby,  Jr.,  S.  M.  Swaab,  J.  E.  Fulweiler,  and  others.  On  motion  of  Mr.  E^asbj 
the  thanks  of  the  Club  were  extended  to  Mr.  Tillson. 

Regular  Meeting,  April  20th. — ^The  meeting  was  called  to  order  by  President 
Hess  at  8.30  p.  m.,  with  96  members  and  visitors  in  attendance.  The  minutes  of 
the  Business  Meeting  of  April  6th  were  approved  as  printed  in  abstract.  SevenI 
amendments  to  the  By-laws  were  presented  and  read  in  abstract,  and  announce- 
ment was  made  that  these  would  come  up  for  discussion  at  the  Regular  Meeting 
of  the  Club  on  May  18th. 

Mr.  H.  E.  Longwell,  Consulting  Engineer  of  the  Westinghouae  Machine  Ca. 
presented  the  paper  of  the  evening,  entitled,  ''The  Gas  Producer,"  which  wu 
discussed  by  Messrs.  John  C.  Trautwinc,  Jr.,  Henry  Hess,  E.  M.  Nichola,  Walter 
L.  Webb,  and  others.  On  motion  of  Mr.  E.  S.  Hutchinson  a  vote  of  tha^nlra  wu 
extended  to  Mr.  Longwell.  . 

Regular  Meeting,  May  4th. — The  meeting  was  called  to  order  by  President 
Hess  at  8.30  p.  m.,  ^ith  90  members  and  vbitors  in  attendance.  The  minutes  of 
the  Business  Meeting  of  May  4th  were  approved  as  printed  in  abstract. 

Following  a  report  of  the  Tellers,  the  following  were  declared  elected  to  mem- 
bership: Associate,  Clark  Judson  HoUister;  Junior,  H.  Lawrence  Hess  and  Charles 
Henry  Schaefer. 

Mr.  Nelson  P.  Lewis,  Chief  Engineer,  Board  of  Estimate  and  Api>ortionnient, 
New  York  City,  presented  the  pajx^r  of  the  evening,  entitled,  "The  Engineer  in 
His  Relation  to  the  City  Plan,"  which  was  discussed  by  Messrs.  J.  C.  Trautwine, 
Jr.,  G.  S.  Webster,  B.  A.  Haldeman,  Henry  Hess,  Robert  Schmits,  and  E.  S. 
Hutchinson. 

On  motion  of  Mr.  Webster  a  vote  of  thanks  was  extended  to  Mr.  Lewis. 

Business  Meeting,  May  ISth. — The  meeting  was  called  to  order  by  President 
Hess  at  8.40  p.  m.,  with  55  members  and  visitors  in  attendance.  The  minutes  o( 
the  Business  Meeting  of  May  4th  were  approved  as  printed  in  abstract. 

The  amendments  to  the  By-Laws  were  presented,  and,  after  discussion,  were 
amended  and  ordered  printed  and  sent  to  the  members  for  ballot. 

Mr.  John  C.  Trautwine,  Jr.,  presented  the  papers  of  the  evening,  entitled, 
"The  Significance  of  'The  Middle  Third'"  and  "The  BehaWor  of  Cast  Zinc 
Under  Compression,"  which  were  discussed  by  Messrs.  J.  E.  Gibson,  W.  P. 
Dallet,  H.  H.  Quimby,  W.  L.  Webb,  N.  W.  AkimofT,  and  Cari  Heiing.  Mr. 
Trautwinc  followed  these  pajx^rs  with  a  short  talk  on  his  recent  visit  to  Pi 


Business  Meeting,  June  1,  1912. — The  meeting  was  called  to  order  by  Presi- 
dent Hess  at  8.40  p.  m.,  with  81  members  ami  visitors  in  attendance. 

Following  the  report  of  the  Tellers,  the  President  declared  that  the  amend- 
ments submitted  to  them  for  vote  were  carried  and  would  be  incorporated  in  the 
By-LawB. 
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The  following  gentlemen  were  declared  elected  to  membership  in  the  Club: 
Active,  William  H.  Connell,  James  Benney  McCord,  and  Robert  Parker  Rayns- 
ford;  Junior,  Theodore  W.  Pinard,  George  Franklin  Pond,  and  Alexander  Wilson, 
3d. 

The  Board  of  Directors  submitted  the  following  names  to  constitute  a  Com- 
mittee on  Nominations  for  the  coming  year:  Wm.  Easby,  Jr.,  Chairman;  H.  H. 
Quimby,  H.  E.  Ehlers,  W.  P.  Dallett,  E.  P.  Haines,  John  C.  Trautwine,  Jr.,  and 
James  M.  Dodge. 

Mr.  S.  M.  Swaab,  member,  presented  the  paper  of  the  evening,  entitled,  "The 
Queen  Lane  Filtration  Plant,"  which  was  discussed  by  Messrs.  N.  W.  Akimoff, 
O.  S.  Cheyney,  J.  C.  Trautwine,  Jr.,  J.  A.  Vogleson,  and  Cav.  Luigi  Luiggi. 
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Regular  Meeting,  April  18,  1912. — Present:  President  Hefls,  Vioe-Presidait 
Plack,  Directors  Halstead,  Worley,  CkK)ke,  Gilpin,  Vogleson,  Berry,  Haldeman, 
Swaab,  the  Secretary,  and  the  Treasurer. 

The  Secretary  presented  a  statement  of  the  financial  condition  of  the  Chib, 
which  showed  a  net  gain  in  the  income  and  expense  account  for  the  first  thRie 
months  of  1912. of  $161.82. 

The  Treasurer  presented  a  statement  of  the  delinquent  accounts,  which  showed 
that  about  one-fourth  of  the  total  amount  owing  on  these  accounts  had  been  col- 
lected as  a  result  of  the  notice  recently  put  into  effect. 

Mr.  Clayton  W.  Pike  was  reinstated  as  Active  Member  of  the  Club  as  of  Jan- 
uary 1,  1911. 

The  resignations  of  Messrs.  C.  P].  Carpenter  and  R.  R.  M.  Carpenter  were  read 
and  accepted.    The  resignation  of  Mr.  W.  H.  Johnson,  Jr.,  was  accepted. 

Mr.  Charles  F.  Mebus  was  appointed  official  delegate  to  attend  the  meeting  of 
the  electors  of  State  College  for  the  election  of  Trustees. 

On  recommendation  of  the  various  committees,  Mr.  George  F.  Pawling  and 
Henry  A.  Moore  were  appointed  Associate  Members  of  the  House  Committee, 
Mr.  Frank  T.  Gucker  and  Mr.  George  W.  Hyde  of  the  Publicity  Committee,  and 
Mr.  James  Mapos  Dodge  of  the  Finance  Committee. 

The  old  projecting  lantern  was,  on  request  of  Professor  H.  E.  Ehlere,  donated 
to  the  Whitney  Engineering  Society  of  the  University  of  Pennsylvania. 

The  sum  of  $319  was  appropriatetl  to  the  House  Committee  for  the  installa- 
tion of  a  water-pressure  pump  to  supply  the  third  and  fourth  floor  bath-rooms, 
provided  such  apparatus  met  all  the  hygienic  conditions  demanded  by  the  Com- 
mittee. Mr.  J.  A.  Vogleson  was  appointed  a  special  member  of  the  House  Com- 
mittee for  the  consideration  of  this  question. 

It  was  mov(»d  and  carried  that  a  special  Committee,  to  consist  of  the  President, 
the  Secretary,  an<l  the  Chairmen  of  the  House,  Finance,  and  Library  Committees 
be  authorized  to  select  and  appoint  a  business  manager  for  the  Club,  at  a  salary 
not  to  exceed  $1800  for  the  first  year,  plus  such  bonus  as  appeared  best  to  the 
Committee,  but  not  to  exceed  20  per  cent,  of  the  net  increase  in  income  to  the 
Club. 

The  meeting  adjoume<l  upon  motion  to  continue  at  6.30  p.  m.  on  Saturday, 
April  20th. 


Adjourned  Meeting,  April  20,  1912. — Present:  President  Hess, 
dents  Plack  and  Mebus,  Directors  Haldeman,  Swaab,  Halstead,  Vogiesoniy  Ker- 
rick,  Ciilpin,  Worley,  the  Sccretar\',  and  the  Treasurer. 

The  report  of  the  Committee  on  Amendments  to  the  By-Laws  was  read,  dis- 
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cussed,  and  finally  adopted,  subject  to  a  few  minor  amendments.  It  was  further 
ordered  that  these  amendments  be  presented  to  the  Club  at  its  regular  meeting 
on  April  20th. 

Requlab  Meeting,  May  16,  1912. — Present:  President  Hess,  Vice-President 
Mebus,  Directors  Worley,  Develin,  Gilpin,  Vogleson,  Haldeman,  Yamall,  the 
Secretary,  and  the  Treasurer. 

A  letter  from  Mr.  H.  £.  Ehlers,  thanking  us  for  the  lantern,  was  read. 

Reports  of  the  Finance  Committee,  Membership  Committee,  and  Library 
Committee  were  read  and  approved. 

The  Chairman  of  the  Library  Committee  notified  the  Board  that  he  had  ap- 
pointed Messrs.  F.  N.  Morton  and  Manton  £.  Hibbs  as  additional  members  of 
this  Conmiittee.  The  Committee  was  authorized  to  expend  a  sum  not  exceeding 
$25  for  the  use  of  the  hbrary.  The  House  Committee's  report  was  read  and  ap- 
proved. Mr.  Worley  tendered  his  resignation  as  Chairman  of  the  House  Com- 
mittee. It  was  accepted  with  regret.  A  vote  of  thanks  was  tendered  to  Mr. 
Worley  for  his  able  services. 

The  Advertising  Committee  presented  a  schedule  of  rates  which  was  adopted. 

The  manager's  report  was  read  and  approved. 

The  amendments  to  the  By-Laws  were  discussed. 

Adjourned  Meeting,  June  13,  1912. — Present:  President  Hess,  Vice-Presi- 
dents Plack  and  Mebus,  Directors  Halstead,  Kerrick,  Worley,  Cooke,  Develin, 
Gilpin,  Vogleson,  Berry,  Haldeman,  Swaab,  Yamall,  the  Secretary  and  the 
Treasurer. 

The  Secretary  presented  a  statement  of  the  financial  condition  of  the  Club, 
which  showed  a  gain  in  the  income  and  expense  account  for  the  first  five  months  of 
1912  of  $27.14. 

The  Committees  on  Finance,  Membership,  Publication,  library,  House,  and 
Publicity  did  not  present  formal  reports. 

The  Meetings  Committee  presented  a  formal  report,  stating  the  principal 
papers  presents  during  the  past  season,  and  a  list  of  papers  they  hoped  to  secure 
for  the  coming  winter. 

It  was  ordered  that  a  condensed  copy  of  the  minutes  of  each  Board  meeting  be 
sent  to  each  member  of  the  Board. 

The  Committee  on  Nominations,  appointed  by  Mr.  Hess,  as  announced  in  the 
last  notice,  consisting  of  Wm.  Easby,  Jr.,  Chairman;  H.  H.  Quimby,  H.  E. 
Ehlers,  W.  P.  Dallett,  E.  P.  Haines,  J.  C.  Trautwine,  Jr.,  and  James  M.  Dodge, 
was  ratified. 

The  question  of  smoking  during  Club  Meetings  was  considered,  and  it  was 
moved  and  carried  that  this  question  be  again  referred  to  the  Club,  with  the 
recommendation  of  the  Board  that  this  smoking  be  abolished. 

A  letter  from  the  National  Society  for  the  Promotion  of  Industrial  Education 
was  read  and  referred  to  the  Committee  on  Public  Relations  for  report. 

The  report  of  the  manager  was  presented  and  approved. 

It  was  moved  and  carried  that  a  section  be  added  to  the  nikii  ^ 
Directors  providing  for  a  letter  ballot,  and  that  a  oonected  ec 
sent  to  each  member  of  the  Board. 
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The  election  and  transfer  of  members,  wiiich  was  to  have  been  brought  befoR 
this  meeting,  was  postponed  until  the  following  meeting,  owing  to  the  abeence  of 
a  majority  of  the  Committee  on  Membership. 

On  motion  of  Captain  Cooke  it  was  moved  and  carried  that  a  period  of  at  least 
ten  days  elapse  after  the  printing  of  the  records  of  candidates  and  action  upon 
them  by  the  Membership  Conmfiittee. 

Following  a  general  discussion  of  house  affairs,  the  meeting  adjourned  at  9.45 
p.  M.,  to  continue  on  call  of  the  chair. 
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« 

It  has  been  stated  that  the  development  of  civilization  has  kept 
even  pace  with  the  increase  and  growth  of  the  means  of  destruction  at 
the  disposal  of  mankind.  It  was  by  his  superior  means  of  destruction 
that  man  conquered  the  wild  beasts  of  the  forest,  and  it  is  by  the  same 
means  that  the  more  highly  civilized  races  have  succeeded  in  imposing 
their  civiUzation  on  barbarians  and  savages. 

The  stronger  the  means  of  offense  and  defense  possessed  by  any 
society,  the  less  is  the  danger  of  interruption  in  its  growth  and  prog- 
ress. This  has  been  true  in  the  past,  and  is  equally  true  to-day. 
Only  a  strong,  fearless  people,  safe  in  the  knowledge  that  their  very 
strength  insures  them  against  attack,  can  hope  to  grow  and  prosper. 
We  may  theorize  and  moralize  all  we  please,  but  the  cold  fact  remains, 
that  might  makes  right  in  the  world  politics  of  to-day. 

Powders  and  explosives,  the  most  powerful  agents  of  destruction 
known  to  man,  have  always  played  an  important  part  in  the  progres" 
of  civilization,  and  they  are,  therefore,  of  great  interest  to  us  a)1 

But  our  interest  in  explosives  is  not  confined  to  their 
While  they  were  first  developed  for  use  in  war,  they  h 
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one  of  the  absolutely  necessary  agents  in  the  pFosecution  of  large 
engineering  works. 

But  for  blasting  powder,  the  drilling  of  tunnels  and  subways,  the 
quarrying  of  stone  and  the  mining  of  ores  would  be  almost  incredibly 
slow  and  the  digging  of  the  Panama  Canal  or  the  prosecution  of 
similar  enterprises  would  be  all  but  impossible. 

Before  describing  the  more  modem  explosives,  it  will  be  worth 
while  to  refer  briefly  to  the  old-fashioned  gunpowder. 

It  is  now  generally  believed  by  those  who  have  studied  the  sub- 
ject, that  gunpowder  was  not  known  before  the  thirteenth  century; 
although  it  has  been  claimed  by  some  that  the  Chinese  and  Hindus 
were  familiar  with  it  from  early  ages.  It  is  probable  that  gunpowder 
was  developed  from  Greek  fire,  and  it  is  practically  certain  that 
Berthold  Schwartz,  of  Freiburg,  was  the  first  to  suggest  its  use  as  a 
propulsive  agent  in  guns.     This  was  about  1313. 

This  suggestion  of  Schwartz  revolutionized  the  methods  of  warfare; 
but,  strange  to  say,  no  radical  improvement  in  the  quality  of  powder 
was  made  until  within  the  last  century. 

The  first  scientific  attempt  to  control  the  rate  of  burning  of  gun- 
powder was  made  a  little  over  fifty  years  ago,  by  General  Rodman, 
an  Ordnance  Ofiicer  of  the  United  States  army.  He  suggested  that 
since  the  burning  of  powder  was  a  surface  action,  the  rate  of  buming, 
and  therefore  the  pressure  developed  in  the  gun  could  be  controlled 
by  varying  the  size  of  the  grains.  He  also  advocated  the  use  of 
perforated  grains,  but  while  his  suggestions  that  the  size  of  grains 
be  varied  to  suit  different  guns  was  promptly  adopted,  perforated 
grains  did  not  come  into  use  until  a  number  of  years  afterward. 

The  use  of  perforated  hexagonal  grains,  and,  later,  the  use  of  imder- 
burned  charcoal  in  the  so-called  brown  powders,  marked  the  limit 
of  improvement  in  old-fashioned  gunpowder  for  military  use,  and  in 
recent  years  smokeless  powder  has  entirely  superseded  it  as  a  pro- 
pelling agent  in  guns. 

It  is  interesting  to  note,  however,  that  while  smokeless  powder  did 
not  begin  to  displace  black  and  brown  powders  until  the  beginning  of 
the  last  decade  of  the  nineteenth  century,  gun-cotton,  which  is  the 
base  of  all  modern  military  powders,  was  discovered  by  Dr.  Schdnbein 
in  1846.  A  small  quantity  of  Dr.  Schonbein's  explosive  cotton,  as 
it  was  then  called,  was  brought  to  this  country  in  the  same  year  by 
Mr.  William  H.  Robertson,  United  States  Consul  at  Bremen,  tc^ether 
with  Schonbein^s  formula  and  specifications  for  its  manufacture. 
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He  fired  two  rounds  from  the  cannon  pendulum,  one  using  a  one 
pound  charge,  and  one  using  a  two  pound  charge.  In  commentiiig 
on  the  results,  he  says:  ''There  was  no  smoke  from  the  discharge  and 
only  a  slight  acid  odor.  ♦  ♦  ♦  To  those  near  the  gun  the  report 
seemed  to  be  sharp  and  loud;  but  persons  at  a  distance  of  200  or 
300  yards  represented  the  sound  as  being  very  slight;  far  less  than 
that  made  by  the  charge  of  four  pounds  of  gunpowder,  with  which 
the  gun  is  often  fired,  and  even  less  than  that  of  a  6-pdr.  gun  in 
salute." 

In  comparing  the  results  with  those  obtained  with  gunpowder,  he 
says:  "  It  appears,  therefore,  that  the  projectile  efifect  of  one  pound  of 
gun-cotton  in  a  cannon  is  equal  to  that  of  2)^  pounds  of  canncm 
powder,  and  the  effect  of  two  pounds  of  the  former  equal  to  that  of 
four  pounds  of  the  latter,  being  nearly  the  same  proportions  as  in  the 
musket.  From  comparing  the  recoil  of  the  gun  pendulum  with  the 
vibration  of  the  ballistic  pendulum,  I  conjectured  that  the  explosive 
or  bursting  effect  of  the  gun-cotton  is  much  greater  in  proportion  to 
its  propelling  force  than  that  of  gunpowder." 

Later  on  he  made  a  number  of  other  tests  with  the  musket,  to 
determine  whether  gun-cotton  could  be  safely  used  as  a  substitute 
for  gunpowder,  but  found  that,  ''In  consequence  of  the  quickness  and 
intensity  of  action  of  the  gun-cotton  when  ignited,  it  cannot  be  used 
with  safety  in  our  present  firearms." 

While  the  fact  that  the  explosion  of  gun-cotton  did  not  cause  any 
smoke  was  noticed  by  Captain  Mordecai,  it  does  not  seem  to  have 
impressed  him  as  being  a  matter  of  importance,  and  he  does  not 
refer  to  it  in  summing  up  his  conclusions  at  the  end  of  his  report. 

Nothing  further  seems  to  have  been  done  by  any  one,  looking  to 
the  use  of  gun-cotton  as  a  substitute  for  gunpowder  as  a  propellent, 
until  Captain  Edward  Schultze  of  Berlin  pubUshed  a  pamphlet  in 
1865,  relating  to  a  nitrocellulose  powder  which  he  had  invented. 

This  seems  all  the  more  remarkable  since  Dr.  Hartig  in  1847  pub- 
lished a  pamphlet  in  which  he  stated  that  gun-cotton  could  be  dis- 
solved in  acetic  ether,  and  that  if  the  residue  left,  after  the  ether  ^^ 
evaporated,  were  placed  in  dilute  alcohol  and  afterward  dried,  it 
would  have  the  same  properties  as  the  original  fiber,  except  that  the 
explosive  force  would  be  reduced. 

Captain  Schultze's  powder  was  made  of  thin  discs  of  wood,  which 
were  bleached,  boiled  with  soda,  and  finally  nitrated  in  pretty  much 
the  same  way  that  cotton  is  nitrated  now-a-days.    Later  on  he  used 
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nitroglycerin,  and  was  not  improperly  designated  as  a  nitroglycerm 
powder;  but  the  present  cordite,  usually  designated  as  cordite  M.  D., 
contains  only  30  per  cent,  of  nitroglycerin;  65  per  cent,  being  nitro- 
cellulose and  5  per  cent,  mineral  jelly.  Nitrocellulose  is,  therefore, 
the  principal  ingredient  of  all  military  powders,  and  its  manufacture 
is  for  that  reason  of  particular  interest. 

C'ellulose  is  not  the  name  of  a  clearly  defined  substance,  but  is  a 
generic  term  applied  to  a  class  of  substances  which  have  many  chemi- 
cal and  physical  characteristics  in  conunon.  The  composition  of  the 
celluloses  corresponds  to  the  empirical  formula  CeHioOt  and  early 
investigators  of  the  cellulose  nitrates  assumed  that  that  was  the  real 
formula.  They  referred  to  the  highest  degree  of  nitration  as  tri- 
nitrocellulose,  and  to  the  next  low^er  degree  as  dinitrocellulose;  but 
it  is  now  recognized  that  the  real  formula  is  some  multiple  of  the 
empirical  formula. 

While  the  exact  formula  has  not  been  determined,  all  known  cel- 
lulose nitrates  can  be  accounted  for  satisfactorily  by  assuming  that 
it  is  four  times  the  empirical  formula.  It  has  not  been  found  possible 
to  introduce  more  than  twelve  NO2  groups  into  the  cellulose  mole- 
cule, and  if  this  be  assumed  as  C24H40O20)  the  nitrogen  would  be 
14.16  per  cent.;  but  the  highest  stable  nitrate  contains  only  about 
13.5  per  cent,  of  nitrogen.  In  practise  it  is  found  that  a  mixture  of 
different  degrees  of  nitration  is  obtained,  the  process  of  nitration 
being,  apparently,  a  progressive  one. 

The  cellulose  nitrates  for  military  use  may  be  divided,  roughly, 
into  three  classes:  (a)  Those  of  the  highest  degree  of  nitration,  and 
which  are  only  partially  soluble  in  ether  and  alcohol.  These  are 
usually  referred  to  as  high-grade  gun-cotton,  or  simply  as  gun-cotton. 
Military  gun-cotton  usually  contains  about  13.3  per  cent,  of  nitrogen. 
(b)  Those  containing  from  about  12.4  to  12.8  per  cent,  of  nitrogen, 
and  which  are  practically  entirely  soluble  in  ether  and  alcohol.  They 
are  usually  referred  to  as  pyrocellulose,  pyrocoUodion,  or  simply 
pyro.  (c)  The  lower  nitrates  which  are  soluble  in  ether  and  alcohol 
are  generally  referred  to  as  collodion  cottons. 

The  first  two  classes  are  the  ones  most  extensively  used,  and  the 
only  ones  used  for  military  purposes  in  this  country;  although  collo- 
dion cottons  are  mixed  with  cottons  of  higher  nitration  in  the  manu- 
facture of  foreign  powders.  Material  of  the  first  class,  or  gun*cotton, 
is  used  as  a  bursting  charge  for  mines,  torpedoes  and  projectiles;  and 
pyrocellulose,  the  second  class,  is  the  base  of  our  smokeless  lK>wder8. 
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Whichever  process  is  used,  the  degree  of  nitration,  generally 
expressed  by  stating  the  percentage  of  nitrogen  contained  in  the 
nitrocellulose,  is  controlled  by  varying  the  strength  and  compodticm 
of  the  acid  used,  the  temperature  at  which  the  nitration  is  conducted, 
and  the  length  of  time  the  cotton  is  allowed  to  remain  in  the  acid. 

After  the  nitration  of  gun-cotton  is  completed,  it  is  necessary  to 
subject  it  to  very  careful  and  thorough  purification,  as  its  keeping 
qualities  are  dependent  upon  the  thoroughness  with  which  this 
purification  is  carried  out.  The  specifications  for  powder  intended 
for  the  United  States  army  or  navy  require  that  the  nitrocellulose 
shall  be  first  given  five  boilings  with  a  change  of  water  after  each 
boiling,  the  total  time  of  boiling  being  forty  hours. 

This  is  generally  referred  to  as  the  **  preliminary  purification." 
Every  step  in  this  and  all  succeeding  operations  is  closely  watched, 
and  the  utmost  cleanliness  and  strictest  compliance  with  every  detail 
of  the  specifications  is  insisted  upon. 

Following  the  preliminary'  purification  the  nitrocellulose  is  finely 
pulped.  The  introduction  of  the  practice  of  pulping  gun-cottcm 
during  the  purification  process  was  one  of  the  most  important  steps 
ever  taken  in  the  improvement  of  its  manufacture.  As  cotton  fibers 
are  tubular  in  form,  it  has  been  found  practically  impossible  to 
remove  all  traces  of  acid  and  of  unstable  products  of  nitration^  until 
the  fibers  have  been  cut  up  into  verj"^  short  lengths. 

After  being  reduced  to  a  pulp  the  gun-cotton  is  given  six  more  boil- 
ings, with  a  change  of  water  after  each,  followed  by  ten  cold  water 
washings.  This  is  usually  referred  to  as  the  final  purification.  It 
is  then  subjected  to  rigid  stability  tests  before  acceptance. 

Before  the  purified  pyrocellulose  is  converted  into  powder  it  must 
be  freed  from  water.  The  moisture  is  first  reduced  to  about  30  per 
cent,  by  means  of  centrifugal  wringers,  after  which  the  partially 
dried  material  is  placed  in  the  cyUnder  of  a  hydraulic  press  and 
compressed  into  a  compact  mass.  Alcohol  is  then  forced  through  the 
cotton  by  means  of  compressed  air,  thus  displacing  the  water^  and 
leaving  the  nitrocellulose  saturated  with  alcohol.  After  the  excess 
of  alcohol  has  been  squeezed  out  of  it,  the  nitrocellulose  leaves  the 
dehydrating  press  in  the  form  of  a  cylindrical  block. 

It  is  next  transferred  to  mixing  or  kneading  machines,  where  the 
required  amount  of  ether  is  added.  The  best  proportions  of  ether 
and  alcohol  have  been  found  to  be  two  parts  of  ether  and  one  part 
of  alcohol  by  volume.    The  amount  of  this  mixed  solvent  varies  in 
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erte/'  there  have  been  heated  discussions  as  to  the  relative  merits  of 
nitrocellulose  and  nitroglycerin  powders;  one  expatriated  American 
going  so  far  as  to  write  a  letter  to  the  President  of  the  United  States, 
in  which  he  severely  criticized  the  multiperforated  powder  used  in 
this  country,  and  charged  that  the  bursting  of  guns  in  our  service 
was  due  to  its  use.  The  writer  of  this  letter,  Sir  Hiram  Maxim, 
enclosed  with  it  an  article  from  "Engineering"  of  which  he  is,  pre- 
sumably, the  author.  This  article,  appearing,  as  it  did,  in  a  widely 
known  magazine,  attracted  considerable  attention,  and  if  the  criti- 
cisms of  our  powder  contained  in  it  were  based  on  facts  they  would 
be  serious  indeed. 

Whether  a  smokeless  powder  is  satisfactory  or  not  depends  princi- 
pally upon  two  things — ^its  chemical  composition  and  its  form  of  grain. 
Its  stability  and  reliability  under  the  various  conditions  of  storage  and 
use  depend  upon  its  chemical  composition,  the  purity  of  its  ingre- 
dients and  the  care  with  which  it  is  manufactured.  Its  behavior 
in  the  gun,  or  its  shooting  qualities,  are  further  affected  by  its  form 
of  grain.  The  multiperforated  form  of  grain  which  is  uaed  by  the 
United  States,  and  which  has  been  so  sharply  attacked  by  Sir  Hiram 
Maxim,  was  adopted  for  good  and  sufficient  reasons  which  will  now 
be  explained. 

The  form  of  this  grain  is  that  of  a  cylinder  having  a  length  about 
two  and  a  half  times  its  diameter,  and  pierced  with  seven  holes 
running  through  it  lengthwise. 

The  burning  of  powder  being  a  surface  action,  it  is  evident  that  the 
rate  at  which  gas  is  given  off  is  proportional  to  the  burning  surface. 
If  a  powder  is  composed  of  solid  grains  of  any  form,  these  grains  will 
grow  smaller  as  they  burn,  and  the  gas  will  be  given  off  more  and 
more  slowly;  but  with  the  multiperforated  form  of  grain  the  area  of 
the  seven  perforations  increases  faster  than  the  area  of  the  outside 
of  the  grain  decreases,  so  that  as  a  whole  the  surface  increases  as  the 
grain  burns. 

When  a  charge  of  smokeless  powder  is  fired  in  a  gun,  the 
behind  the  projectile  increases  as  the  powder  bums,  and  soon 
great  enough  to  cause  the  projectile  to  start  forward  in  the 
This  movement  of  the  projectile  increases  the  volume  to  be  iUladirittfc- 
gas,  and  as  the  projectile  gains  in  velocity,  this  volume  gromi, 
at  an  increasing  rate.    In  order  to  avoid  a  drop  in  pressure 
at  which  the  powder  gives  off  gas  must  also  increase  in  the 
The  multiperforated  form  of  grain  comes  nearer  than  any  otl 
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doubts  in  the  minds  of  many  who  have  read  them,  as  to  whether  the 
powders  used  by  the  U.  S.  Army  and  Navy  are  what  they  should  be. 

The  American  pubhe  naturally  wants  to  know  that  the  powder  that 
is  put  into  the  hands  of  its  army  and  issued  to  its  battleships  is,  at 
least,  as  good  as  any  in  use  by  foreign  powers;  and  that  the  safety  of 
ships  and  men  is  not  menaced  by  its  imreliability.  I  feel,  therefore, 
that  those  who  know  the  facts  should  not  hesitate  to  speak  of  them 
whenever  an  opportunity  occurs. 

The  articles  in  question  make  four  general  assertions:  1st.  That 
nitrocellulose  powder  is  inherently  less  stable  than  nitroglyceriii 
powder.  2d.  That  both  kinds  are  more  Uable  to  deteriorate  when 
stored  in  air-tight  containers  than  when  exposed  to  the  air,  3d.  That 
the  presence  of  mineral  jelly  in  cordite  protects  it  against  dampness, 
and  that  air-tight  storage  cases  are,  therefore,  not  necessary,  as  with 
nitrocellulose  powders.  4th.  That  the  navies  which  use  nitro- 
glycerin powder  have  had  fewer  accidents  from  defective  powder 
than  those  who  use  pure  nitrocellulose  powder. 

Strange  to  say,  very  little  stress  is  laid  upon  the  one  and  only 
important  advantage  which  nitroglycerin  powder  possesses  over 
nitrocellulose  powder;  which  is  this:  Nitrocellulose  powder  is  defi- 
cient in  oxygen,  while  nitroglycerin  powder  contains  an  excess  of 
oxygen.  The  combustion  of  the  latter  is,  therefore,  perfect  and, 
poimd  for  pound,  it  is  a  more  powerful  powder.  A  smaller  charge 
of  nitroglycerin  powder  is  required  to  obtain  any  given  velocity  than 
would  be  required  ^\^th  nitrocellulose  powder.  The  chamber  of  the 
gun  may,  therefore,  be  made  smaller.  This  means  a  smaller  and 
lighter  gun,  and  a  sa\ing  in  weight  is  no  small  matter  on  board  ship. 
When  you  have  said  this  in  favor  of  nitroglycerin  powder,  however, 
you  have  stated  almost  its  only  advantage  over  nitrocellulose  powder. 

Its  temperature  of  explosion  is  much  higher  and  it,  therefore, 
causes  much  more  rapid  erosion  of  the  gun.  As  an  illustration  of  the 
difference  between  the  two  powders  in  this  respect,  it  may  be  said 
that  actual  tests  have  shown  that  the  accuracy  of  the  caliber  .30 
service  rifle  remains  as  good  after  15,000  rounds  fired  with  nitro- 
cellulose powder  as  after  only  3,000  rounds  with  nitroglycerin  powder. 

Considering  the  first  of  the  four  general  assertions  above  men- 
tioned, it  may  be  stated  with  confidence  that  the  weight  of  evidence 
is  overwhelmingly  against  the  claim  that  nitrocellulose  powder  is 
inherently  less  stable  than  nitroglycerin  powder.    Let  me  quote 
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from  an  article  which  appeared  in  ''Engineering"  magazine  itself 
some  years  ago: 

''The  most  important  considerations  in  determining  the  best 
composition  of  powders  are  (a)  keeping  qualities  and  safety  under 
normal  climatic  conditions;  (b)  capabiUty  of  highest  possible  bal- 
listics; (c)  regularity  in  results  not  to  be  seriously  affected  by  change 
of  climate,  or  not  to  cause  excessive  erosion.  AU  these  qualities 
are  secured  by  the  use  of  the  properly  manufactured  nitrocellulose 
powder,  and  rume  can  be  said  to  be  met  by  any  powder  containing 
nitroglycerin." 

The  weight  of  evidence  is  decidedly  in  favor  of  the  opinion  that 
both  nitrocellulose  and  nitroglycerin  powders  keep  better  in  air- 
tight cases  than  in  cases  which  are  not  air-tight;  and  the  claim  that 
because  it  is  made  more  or  less  waterproof  by  the  mineral  jelly  which 
it  contains,  cordite  may  be  stored  in  open  cases,  loses  its  force.  As 
a  matter  of  fact,  British  naval  regulations  require  that  cordite  charges 
shall  be  kept  in  sealed  cases,  and  lay  great  stress  on  this  requirement. 

The  statement  that  the  navies  using  nitrocellulose  powders  have 
suffered  more  from  accidents  due  to  defective  powder  than  those 
which  use  nitroglycerin  powder,  is  not  supported  by  facts.  Four 
vessels  have  been  destroyed  by  explosions  believed  to  be  due  to  bad 
powder.-  The  Aquidaban,  the  Jena,  the  Mikasa,  and  the  Liberte. 
The  first  and  third  carried  cordite,  and  the  second  and  fourth  nitro- 
cellulose powder.  Other  accidents  in  the  magazines  of  the  British 
vessels  Revenge  and  Fox,  due  to  decomposing  cordite,  have  been 
commented  upon  by  "Engineering"  itself.  Although  exact  infor- 
mation is  difficult  to  obtain,  it  is  believed  that  accidents  due  to  bad 
nitroglycerin  powders  have  been  more  numerous  than  those  due  to 
bad  nitrocellulose  powders. 

It  is  not  claimed  by  any  one,  so  far  as  I  am  aware,  that  nitrocellu- 
lose powder  remains  perfectly  stable  under  all  conditions  of  storage 
for  an  indefinite  length  of  time.  Under  the  action  of  heat  and 
moisture  both  kinds  of  powder  will  deteriorate;  but  it  may  be  added 
that  while  nitrocellulose  powder  will  in  general  decompose  slowly 
and  finally  lose  its  explosive  properties,  nitroglycerin  powder  is 
more  apt  to  explode.  Under  extremes  of  heat  and  cold  nitroglycerin 
powder  is  liable  to  sweat;  that  is,  nitroglycerin  will  exude  and  collect 
on  the  surface.  When  this  occurs,  the  powder  is  very  dangerous 
to  handle.  Finally,  it  may  be  added,  that  while  our  older  nitro- 
cellulose powders  have   shown   very  satisfactory   stability  under 
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ordinary  conditions  of  storage,  our  newer  powders,  that  is  to  ny, 
those  which  have  been  manufactured  since  1908,  are  even  more 
stable,  a  stabilizer  having  been  used  since  that  date. 

It  may,  therefore,  be  confidently  asserted  that  better  jxywder  is 
not  made  anywhere  in  the  world  than  in  the  United  States  for 
the  army  and  navy;  and  nowhere  is  greater  care  taken  to  secure 
a  uniformly  high  grade  product. 

It  is  not  to  be  supposed,  however,  that  our  search  for  improvements 
has  ceased.  Like  the  powder  makers  of  other  countries,  we  are  now 
seeking  a  flashless  powder. 

The  flash  from  a  gun  firing  smokeless  powder  is  intensely  bright  and 
this  flash  is  of  great  assistance  in  locating  the  position  of  an  enemy's 
guns,  especially  during  night  firing.  A  demand  has,  therefore, 
grown  up  for  a  flashless  or  flameless  powder. 

The  intensity  of  the  flame  from  smokeless  powder  is  due  principally 
to  its  high  temperature  of  explosion,  which  causes  the  particles  of 
residue  to  become  incandescent.  The  addition  of  some  ingredient 
to  cool  the  flame  is,  therefore,  required  if  a  flameless  powder  is  to  be 
produced.  Sodium  bicarbonate  was  the  first  substance  suggested. 
It  cools  the  flame  by  losing  its  water  of  crystallization  and  carbon 
dioxide.    Oils,  soaps,  etc.,  have  also  been  proposed. 

No  flashless  powder  has  been  adopted  in  any  service  sa  far  as  I 
know,  although  a  number  have  been  offered  for  test;  but  I  believe 
it  is  only  a  question  of  time,  and  a  short  time  at  that,  before  its  use 
will  be  general. 

With  the  silencer  already  an  accomplished  fact,  success  in  our 
search  for  a  flashless  powder  will  enable  artillery  to  bombard  an 
enemy  without  being  seen,  without  smoke,  flame  or  noise. 

Turning  now  from  the  consideration  of  powders  to  high  explosives, 
it  will  be  well  to  explain  some  of  the  more  important  requiiements 
that  a  satisfactory  military  explosive  must  fulfil.  As  stated  before, 
the  distinction  between  a  powder  and  a  high  explosive  is  based  upon 
the  rate  of  explosion.  Powders  burn,  and  the  rate  of  burning  can  be 
controlled;  but  the  decomposition  of  a  high  explosive  seems  to  take 
place  throughout  its  entire  mass  almost  at  the  same  time. 

Materials  which  explode  ^nth  great  violence  are  said  to  ''detonate" 
or  to  give  a  high  order  of  explosion;  while  those,  Uke  guniK>wder  ot 
smokeless  powder,  are  said  to  give  a  low  order  of  explosion.  Some 
explosives  like  the  fulminates,  or  nitroglycerin,  always  detonate;  on 
the  other  hand,  smokeless  powder  always  gives  an  explosion  of  a  low 
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not  be  hygroscopic  or  else  its  explosion  shall  not  be  afifected  by  the 
presence  of  moisture.  Wet  gun-cotton,  besides  being  one  of  the  safest 
of  all  high  explosives,  is  particularly  well  suited  for  use  in  damp 
situations.  Being  already  wet,  a  leak  in  the  walls  of  a  mine  would 
not  be  of  serious  moment.  The  greatest  drawback  to  the  use  of 
wet  gun-cotton  is  the  fact  that  it  requires  a  priming  charge  of  dry 
gun-cotton  to  properly  detonate  it,  and  dry  gun-cotton  is  one  of  the 
most  dangerous  explosives  we  have  to  handle.  In  spite  of  thu 
drawback,  however,  gun-cotton  has  been,  and  still  is  very  largely  used 
for  mines  and  torpedoes,  although  other  explosives  are  pressing  for 
recognition.  One  of  the  most  promising  of  these  is  trinitrotoluol, 
which  is  absolutely  non-hygroscopic,  is  safe  to  handle,  and  is  easy  to 
detonate.  The  supply  of  raw  material  for  its  manufacture,  toluol, 
is  practically  unlimited;  and  like  the  other  nitro-compounds  of  this 
class,  it  remains  stable  for  an  indefinite  length  of  time. 

When  we  come  to  the  selection  of  an  explosive  for  projectiles,  the 
greatest  difficulty  is  encountered.  This  very  difficulty  has  seemed  to 
act,  however,  as  a  spur  to  inventors,  and  the  number  of  explosives  that 
have  been  offered  for  test  in  the  military  service  is  almost  countless. 
Potassium  chlorate,  because  of  the  large  amount  of  oxygen  which  it 
contains  and  the  readiness  with  which  this  oxygen  is  given  off,  seems 
to  have  a  particular  fascination  for  inventors,  and  combinations  of 
potassium  chlorate  with  some  carbonaceous  matter  are  patented  with 
tiresome  regularity.  A  great  many  of  these  potassium  chlorate 
mixtures  have  been  tested,  but  few  of  them  have  given  promising 
results.  The  chlorate  is  liable  to  be  dissolved  out,  if  the  explosive 
becomes  damp,  and  may  recrystallize  and  render  the  explosive  very 
sensitive  to  shock. 

Among  the  most  important  of  the  explosives  which  have  been 
tested  in  this  country  at  various  times  for  use  in  filling  projectiles 
may  be  mentioned  nitroglycerin,  blasting  gelatin,  picric  acid,  enunen- 
site,  jovcite,  maximite,  trinitrotoluol,  trinitrobenzol  and  wet  gun- 
cotton. 

The  extreme  sensitiveness  of  nitroglycerin  renders  its  use  absolutely 
impracticable,  and  blasting  gelatin  is  also  exceedingly  dangerous, 
due  to  the  large  percentage  of  nitroglycerin  which  it  contains. 

In  recent  years  picric  acid  has  been  used  in  some  form  or  other,  or 
in  combination  with  some  other  material  by  practically  all  liu^ 
miUtary  powers  as  a  bursting  charge  for  projectiles.  It  is  interesting 
to  note  in  this  connection  that  the  explosive  properties  of  picric  add 
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ary  armor  overmatches  a  heavy  projectile  if  the  striking  angle  l»e 
very  oblique.  It  is  for  this  reason  that  some  artillerists  favor  the 
use  of  comparatively  weak  projectiles  with  large  cavities  holding 
heavy  charges  of  high  explosives,  and  fitted  with  quick  acting  fuses', 
which  cause  the  ])rojectiles  to  explode  upon  impact. 

If  a  projectile  is  made  strong  enough  to  penetrate  heavy  armor,  it* 
walls  must  be  thick,  and  tlie  bursting  charge  comparativelj'  small. 
If  such  a  projectile,  fitted  with  a  delayed  action  fuse,  strike  an  armor 
plate  at  a  very  oblique  angle,  it  will  glance  from  the  plate,  and. 
because  of  the  delayed  action  of  the  fuse,  the  explosion  of  the  charge 
will  take  place  too  late  to  reinforce  the  blow  of  the  projectile.  The 
effect  on  the  armor  will,  therefore,  be  no  greater  than  it  would  have 
l)een  if  a  solid  shot  had  been  used. 

The  effects  produced  by  the  two  methods  of  attack:  First,  the 
proje(tile  cariying  a  charge  of  l^lasting  gelatin,  the  most  powerful 
of  explosives.  The  inventor,  who  proposed  the  use  of  this  ven* 
sensitive  explosive,  devised  a  si)ecial  form  of  shell  in  which  the 
charge  of  gelatin  was  divided  into  a  number  of  sections  by  cliaphragnL« 
in  order  to  reduce  the  shock  on  the  explosive.  His  shell  was  longer 
than  an  ordinary  armor  piercing  shell  and  carried  a  large  charge  of 
explosive.  He  made  no  effort  to  secure  penetration,  but  hoped  to 
be  al)le  to  smash  the  armor  ])late  and  stave  in  the  side  of  the  vessel 
by  the  forc(^  of  the*  (»xplosion. 

The  first  round  was  fired  from  a  r2-inch  gun  at  an  angle  of 
impact  of  45°  C.  The  plate  was  carried  some  distance  along  the  side 
of  the  butt,  l)ut  was  unbroken.  Th(»  wooden  sup])ort.  was  repaired 
and  the  plate  set  up  in  its  original  position. 

A  second  projectile  filled  with  blasting  gelatin  was  then  suspended 
against  the  plate  and  ex])lo(led  electrically,  without  material  injur}' 
to  the  plate. 

It  will  l)e  interesting  to  compan*  these  results  with  those  obtained 
by  firing  a  service  r2-incli  shell  against  an  armor  plate,  and  eausingit 
to  explode  in  rear  of  the  i)late. 

Later  on,  a  third  projectile  charged  with  over  175  pounds  of  blasting 
ge»latin  was  fired  against  a  target  r(*])res(Miting  a  section  of  a  battle- 
ship. The  impact  was  normal  to  the  armor  plate.  A  slight  depres- 
sion was  made  in  the  face  of  the  plate,  and  the  entire  strueture  was 
moved  to  the  rear  alK)ut  four  inches;  otherwise  the  target  was  not 
dansaged. 
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Paper  No.  1113. 

THE  aUHHN  LANE  FILTRATION  PLANT. 

S.  M.  SWAAB. 

(Active  McinbiT. ) 

Read  June  I,  191  e. 

Introduction. 

The  subject  of  the  water  supply  of  the  city  of  Philadelphia  has 
received  considerable  attention  from  The  Engineers*  Club,  and  in 
our  Proceedings  are  several  papers  descriptive  of  the  works.  It  is 
not  my  intention,  other  than  in  a  general  way,  to  speak  of  the  Wator 
Supply  per  se;  but  rather  to  describe  in  d(»tail,  historically  and  other- 
wise, the  construction  of  the  last  unit  of  the  Filtration  System, 
begun  in  the  year  1901,  and  prosecuted  during  about  ten  years  of  the 
period  intervening  between  that  date  and  the  present. 

This  paper  contains  a  historical  sketch  of  the  Queen  Lane  Filter 
Project,  as  well  as  a  description  of  the  construction  and  method  of 
op<Tation  of  the  (Jueen  Lane  Filter  Plant  of  the  Philadelphia  Water 
Supply,  and  also  a  brief  outline  of  the  process  of  the  purification  of 
water  by  slow  sand  filtration  and  of  the  evolution  of  that  process. 

HiSTOUICAL. 

Benjamin  Franklin  it  was,  I  believe,  who  first  publicly  called  the 
attention  of  the  citizens  of  Philadeli)hiti  to  the  very  important  subject 
of  obtaining  water  for  the  city  from  some  other  source  than  the  wells 
tiieu  univ(Tsally  used,  urging  that  the  afflictions  from  the  ravages 
of  contagious  disease  rendered  it  necessary  that  a  more  copious  supply 
of  water  should  be  procured  to  insure  the  hc^alth,  comfort  and  prc^iier- 
vation  of  the  citizens. 

11iis  was  al)()ut  the  year  ITOo  or  171U,  just  after  the  city  had  been 
visitt'd  l)y  the  yellow  fever:  andin  Franklin's  will,  dated  June  23d,  1789, 
is  the  following  clause:  ''And  having  considered  that  the  covering 
of  the  ground  |)l<)t  of  the  city  with  i)uil(lings  and  pavements,  which 
carry  of^  most  of  the  rain,  and  prevent  its  soaking  into  the  earth,  and 
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While  marked  reduction  in  typhoid  fever  rates  follow  in  all  cases  where  that 
disease  has  been  water  borne,  there  also  occurs  a  reduction  in  the  total  mortahty 
rate  of  cities  which  improve  their  water  supplies  which  cannot  be  accounted  by  the 
reduction  in  typhoid.  I  am  under  the  impression  that  this  fact  was  first  pointed 
out  by  Professor  Sedgwick.  It  was  called  to  my  attention  by  Mr.  Nicholas  Hill, 
of  New  York,  who  suggested  that  the  mortality  statistics  of  Philadelphia  should 
be  closely  studied  in  this  respect,  since  the  conciurent  reduction  was,  in  all  proba- 
biUty,  not  due  to  coincidence  of  other  beneficial  factors.  It  can  be  said  at  this 
time  that  the  general  reduction  has  every  indication  for  prevailing  in  Philadelphia, 
in  this,  the  first  year  of  filtration  of  the  entire  supply.  Should  the  indicated  rates 
obtain  for  the  full  year,  there  will  be  about  2000  less  deaths  in  Philadelphia  in  1912 
than  occurred  in  1911.  More  complete  analysis  than  has  been  possible  up  to  this 
time  may  show  that  in  ascribing  the  benefits  due  to  the  improved  water  supply 
we  should  not  overlook  advancements  in  the  public  health,  other » than  reductions 
in  typhoid  fever. 
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and,  for  the  maximum  unit  pressure,  pa,  at  a: 

2R. 


Pa  = 


3y 


and  it  will  at  once  be  seen  that,  as  the  resultant,  R,  approaches  the 
nearer  end,  a,  of  the  surface,  the  maximum  unit  pressure,  pa,  at  a, 
increases  very  rapidly,  and  no  longer  in  simple  proportion  to  the 
distance,  x,  of  the  resultant,  R,  from  the  center,  o,  of  the  joint,  as 
it  did  (1)  when  R  fell  within  the  middle  third,  or  (2)  when  the  tension 
is  active. 

In  cases  like  Fig.  E,  the  maximum  unit  pressure,  a,  soon  becomes 
enormous,  and  it  would  reach  infinity  if  the  resultant,  R,  however 
small,  could  actually  be  applied  at  the  very  edge,  a. 

All  this  is  indicated  by  the  curved  line,  s  t.  Fig.  G. 

Conversely,  the  same  fact  may  be  stated  by  saying  that,  for  a 
given  permissible  unit  pressure,  the  resultant  may  approach  the  edge 
of  the  surface  more  closely  when  there  is  tension  than  when  there  is 
none. 

Thus  (Fig.  G)  if  the  max.  unit  pressure,  p*,  must  not  exceed  4  p,  the 
resultant,  R,  may  be  applied  at  the  edge,  a,  if  there  is  tension,  but 
must  be  kept  back  from  o  a  distance  =  L/6  when  there  is  no  tension. 

The  broken  line,  m  w  a,  Fig.  G,  shows  the  pressures  at  the  other 
end,  b,  of  the  joint,  when  there  is  no  tension;  the  pressure,  pb,  there 
diminishing  from  Pb  =  P,  when  R  is  at  the  center,  o  (x  =  zero),  to 
Pb  =  zero  when  x  =  L/6,  and  remaining  pb  =  zero  thereafter. 

The  influence  diagram,  Fig.  G,  gives  values  of  pa  and  pb,  as  follows : 
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It  thus  appears  that,  for  any  given  TesuUant,  R,  applied  at  any 
given  distance,  x,  from  the  center,  o,  of  the  joint,  exceeding  Ly6,  the 
greater  niaxiniuin  unit  load,  p.,  obtains  when  the  material  of  the 
joint  is  incapable  of  sustaining  tension. 

It  would  appear  also  that,  when  Professor  Ranldne  said:  "tbwe 
should  be  no  tension  at  any  point  of  the  base,"  what  he  really  meant 
to  say  was  that,  when  the  material  is  incajxAle  of  sustaining  tension, 
the  passing  of  the  resultant  beyond  the  middle  third  brings  dangerous 
and  rapidly  increasing  compressive  stresses  upon  the  compression  side 
of  the  joint,  and  these  (by  crushing  the  material  there)  may  cause  the 
"tension"sideof  the  joint  to  open. 
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ABSTRACT  OF  MINUTES  OF  THE  CLUB. 


Business  Meeting,  September  21, 1912. — The  meeting  was  called  to  order  by 
Vice-President  Plack  at  8.35  p.  m.,  with  70  members  and  visitors  in  attendance. 
The  minutes  of  the  Business  Meeting  of  Jime  1st  were  read  and  approved. 

The  Committee  on  Nominations  named  by  the  Board  of  Directors  at  the  meet- 
ing of  June  1st  was  submitted  to  the  Club  and  approved. 

It  was  moved  and  carried  that  in  the  futiu'e  smoking  be  abolished  in  the  Club 
meetings. 

Mr.  George  S.  Bliss,  Director  of  the  Climatological  Service  of  Pennsylvania, 
presented  the  paper  of  the  evening,  entitled,  "The  Importance  of  Meteorological 
Data  in  Engineering,"  which  was  discussed  by  Mr.  John  C.  Trautwine,  Jr.,  Mr. 
George  S.  Cheyney,  Jr.,  Mr.  John  E.  Codman,  Dr.  Henry  Leffmann,  Mr.  H.  H. 
Quimby,  and  others. 

Upon  motion,  a  vote  of  thanks  was  extended  Mr.  Bliss. 
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Special  Meetinq,  July  11,  1912. — Present:  President  Hess,  Vice-Presidents 
Plack  and  Mebus,  Directors  Halstead,  Gilpin,  Vogleson,  Swaab,  and  the  Secretary 
in  attendance. 

The  Secretary  presented  a  statement  of  the  financial  condition  of  the  Club, 
which  showed  a  gain  in  the  Income  and  Expense  Account  for  the  first  six  months  of 
1247.79. 

The  Finance,  Membership,  Publication,  Library,  Meetings,  and  House  Com- 
mittees presented  reports,  which  were  approved. 

The  Publicity,  Public  Relations,  and  Increase  of  Membership  Committees  pre- 
sented no  reports^  and  the  Secretary  was  asked  to  commimicate  with  the  Chair- 
men of  these  Committees,  asking  them  to  forward  a  report  to  the  Board  of  Di- 
rectors. 

The  Business  Manager's  report  was  read  and  approved. 

The  following  gentlemen  were  elected  to  membership  in  the  Club : 

Active:  Charles  E.  Bonine,  Harold  E.  Brunner,  Bruce  Ford,  William  J.  Hag- 
man,  James  S.  Kunkle,  Otto  W.  Schaum,  Herbert  L.  Towle,  M.  J.  Tumbull,  Wm. 
D.  Uhler,  A.  C.  Vauclain,  and  John  E.  Zinmiermann. 

Associate:  Charles  K.  Brown. 

Junior:  E.  B.  Callow,  Lorenzo  S.  Cope,  James  E.  Diamond,  Fletcher  Schaum, 
and  Harry  Wickland. 

The  resignations  of  Messrs.  R.  W.  Shelmire  and  E.  M.  Bassett  were  read  and 
accepted. 

It  was  decided  that  the  Club  officers  and  officials  be  asked  to  submit  a  state- 
ment as  to  the  duties  of  their  offices,  to  be  discussed  at  the  next  meeting  of  the 
Board. 

It  was  decided  to  create  a  special  Committee  on  By-Laws,  this  Committee  to 
consider  suggestions  and  make  studies  for  the  improvement  of  the  By-Laws. 
The  President  named  the  following  members  to  serve  on  this  Committee:  S.  M. 
Swaab,  Chairman,  Charles  F.  Mebus,  Vice-Chairman,  J.  C.  Trautwine,  Jr.,  Edwin 
F.  Smith,  Carl  Hering,  and  H.  A.  Moore. 

The  President  appointed  the  following  standing  committees,  those  in  paren- 
theses being  new  members: 

Finance:  J.  A.  Vogleson,  David  Halstead,  (E.  J.  Kerrick),  J.  M.  Dodge,  (S.  E. 
Fairchild,  Jr.). 

House:  F.  K.  Worley,  W.  L.  Plack,  (Richard  Gilpin),  (G.  F.  Pawling),  H.  A. 
Moore. 

Meetings:  S.  M.  Swaab,  H.  C.  Berry,  (B.  A.  Haldeman),  Wm.  Easby,  Jr.,  J.  E. 
Gibson. 
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Membership:  Chas.  Hewitt,  F.  H.  Stier,  (David  Halstead),  Robert  T.  Mickle, 
W.  P.  Dallett. 

Publication:  Chas.  F.  Mebus,  St.  George  H.  Cooke,  (S.  M.  Swaab),  (Wm. 
Easby,  Jr.),  (M.  E.  Hibbs). 

Library:  B.  A.  Haldeman,  Richard  Gilpin,  (H.  C.  Berry),  F.  N.  Morion,  M. 
E.  ffibbs. 

.  Publicity:  R.  G.  Develin,  E.  J.  Kerrick,  (J.  A.  Vogleson),  F.  T.  Gucker,  G.  W. 
Hyde. 

Advertising:  D.  R.  Yamall,  (R.  G.  Develin),  (Chas.  F.  Mebiis),  H.  Goodwin, 
Jr.,  H.  B.  Allen. 

The  President  appointed  the  following  members  to  constitute  the  Lantern 
Committee:  B.  A.  Haldeman,  Chairman,  E.  J.  Dauner,  H.  E.  Ehlere,  A.  D. 
Morris,  Chas.  E.  Bonine. 

Regular  Meeting,  September  19,  1912. — Present:  President  Hess,  Vice- 
President  Plack,  Directors  Halstead,  Kerrick,  Worley,  Develin,  Berry,  Haldeman, 
Swaab,  Yamall,  Vogleson,  the  Secretary,  and  the  Treasurer. 

The  Treasurer  reported  a  net  gain  to  September  1st  of  $862.39. 

Reports  from  the  following  Committees  were  read  and  approved:  Finance, 
Membership,  Publication,  Library,  Meetings,  PubUcity,  Advertising,  House, 
Public  Relations,  and  Increase  of  Membership.  The  Business  Manager's  report 
was  presented  and  approved. 

The  following  were  elected  to  membership  in  the  Club:  Active,  Charles  Wirt, 
H.  P.  Gant;  Associate,  George  Kendall  Myers;  Junior,  Herbert  Ruff. 

The  following  Jimiors  were  transferred  to  either  Active  or  Associate  m^nber- 
ship,  as  follows:  Active,  H.  H.  Hewitt;  Associate,  William  Oram  and  W.  J. 
Taggart. 
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ologist  is  studying  the  relation  of  smoke  and  soot  and  the  weather, 
with  special  reference  to  fogs  and  sunshine,  fogs  being  increased 
both  in  intensity  and  number,  and  sunshine  decreased  in  intensity 
and  total  duration.  A  botanist  is  carrying  on  some  special  inyesti- 
gations  into  the  effect  of  smoke  and  soot  on  plant  life.  Economists 
are  making  an  exhaustive  study  of  the  increase  in  the  cost  of 
living  on  account  of  the  presence  of  smoke  and  soot.  A  chemist 
and  a  physicist  are  studying  the  nature  of  smoke  and  soot.  A 
lawyer  is  making  a  study  of  the  legal  side  of  the  smoke  abatement 
question  in  order  that  an  ordinance  can  be  drawn  that  will  be 
proof  against  the  attacks  of  the  defendants  council  should  it  so 
happen  that  the  courts  need  be  appealed  to  to  bring  about  an 
abatement  in  any  particular  case.  We  are  optimistic,  but  not 
to  the  point  where  we  think  we  can  dispense  with  an  effective 
legal  club. 

But  most  important  of  all  is  the  study  of  the  smoke  abatement 
question  from  the  engineer's  standpoint.  All  the  other  work, 
except  the  lawyer's,  shows  the  evil  effects  and  proves  that  smoke 
is  a  nuisance.  The  engineer  must  answer  the  questions,  **What 
can  I  do  to  eliminate  the  smoke  from  my  stack  f  and,  **Will  it  pay 
me?"  The  latter  question  must  be  answered,  and  in  the  affirma- 
tive, before  the  first  will  be  asked,  in  most  cases. 

Smoke  is  a  nuisance,  considered  from  every  standpoint  except 
one.  That  one  is  from  the  point  of  view  of  the  manufacturer  of 
soap  and  other  cleaning  materials.  A  soap  manufacturer  said  to 
us,  ''We're  in  favor  of  smoke.  The  more  smoke  the  more  soap," 
and  added,  ''It  is  purely  selfish  in  us/'  He  was  not  anxious  that 
smoke  be  made  in  his  own  plant,  however. 

The  engineer  who  studies  the  combustion  problem  knows  that 
siuoke  is  expensive  to  the  owner  of  the  furnace.  The  physician 
knows  that  certain  diseases  are  more  prevalent  in  a  smoky  atmos- 
phere, especially  pneumonia,  catarrhs,  colds  and  other  afflictions 
of  the  throat,  nose  and  lungs.  The  economist  knows  that  the 
cost  of  living  is  iucreasecl  by  smoke  and  soot,  the  extra  expense 
coming  in  many  ways.  We  have  heard  the  statement  that  laundry 
bills,  bills  for  cleaning  of  all  kinds,  and  the  work  for  the  house- 
keeper are  all  increased,  called  "an  old  woman's  argument," 
which  is  simply  admitting  that  his  argument  cannot  be  refuted. 

"The  city  is  clean  to  what  it  used  to  be."  "Our  stack  does  not 
smoke."  "We  are  not  making  any  smoke."  These  statements  and 
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METHODS  AND  MEANS  OF  SMOKE  ABATEMENT 

Paper  Read  before  the  Club  October  5,  1912 

By  MR.  O.  R.  McBRIDE. 

Pittsburgh,  Pa. 

The  object  of  the  investigation  which  is  being  made  by  the 
Department  of  Industrial  Research  of  the  University  of  Pitts- 
burgh is  to  improve  the  conditions  of  the  city.  The  slogan  of 
every  loyal  Pittsburgher  is,  ** Pittsburgh  Promotes  Progress.''  In 
line  with  this  a  citizen  of  Pittsburgh,  without  expecting  any 
personal  gain  other  than  that  which  comes  to  every  inhabitant 
from  each  improvement  in  the  city,  and  seeking  no  glory,  gen- 
erously offered  to  finance  an  investigation  of  the  smoke  problem. 
He  wished  this  investigation  to  be  more  thorough  than  any  other 
ever  made,  therefore  he  placed  the  problem  in  the  hands  of  the 
Industrial  Research  Laboratory  of  the  University  of  Pittsburgh, 
together  w4th  the  necessary  funds  for  a  thorough  and  exhaustive 
study  of  the  problem.  A  large  staflf  of  experts  has  been  appointed, 
each  to  make  a  study  of  the  particular  phase  of  the  problem  for 
which  his  experience  and  training  fit  him. 

Physicians  are  securing  data  as  to  the  effect  of  smoke  and  soot 
on  the  health  of  the  individual  who  must  live  in  a  smoky  atmos- 
phere. Architects  are  determining  in  just  what  way  and  how 
much  the  presence  of  smoke  and  soot  affects  their  work.    A  meteor- 
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are  reduced  to  a  minimum  and  the  heat  gotten  from  the  fuel  is 
applied  where  it  is  wanted.  If  it  is  a  boiler  furnace  you  want 
your  heat  to  make  steam.  If  it  is  a  metallurgical  furnace  you  use  it 
to  heat  the  steel,  iron  or  whatever  you  are  working.  The  problem  is 
then  to  reduce  your  losses  to  the  lowest  practicable  fi^^ure. 

Heat  is  lost  in  some  of  four  ways,  viz.:  Imperfect  combustion, 
sensible  heat  carried  away  by  the  waste  gases,  unbumed  carbon  in 
the  ash  and  radiation. 

When  carbon  is  completely  burned  or  to  carbon  dioxide  14,500 
B.  T.  U.  are  given  out  per  pound  of  carbon.  When  it  is  burned 
to  carbon  monoxide  only  4,450  B.  T.  U.  are  given  out,  or  a  loss  of 
10,050  B.  T.  U.  for  every  pound  of  carbon  burned  to  carbon  mon- 
oxide. The  U.  S.  Geological  Survey  (now  the  U.  S.  Bureau  of 
Mines)  has  shown  that  for  everj*^  one-tenth  per  cent,  increase  in 
carbon  monoxide  in  the  flue  gases  there  is  a  decrease  of  two  per 
cent,  in  the  cfSciency  of  a  boiler  plant,  and  that  a  smoky  stack  is 
an  indication  that  carbon  monoxide  is  present  in  the  flue  gases. 
They  have  also  shown  that  the  presence  of  carbon  monoxide  indi- 
cates the  presence  of  unburned  hydrogen  and  some  hydro-carbons. 
On  account  of  the  large  losses  due  to  incomplete  combustion  every 
effort  should  be  made  to  avoid  this  condition  in  the  furnace. 
•Porter  and  *Ovitz  give  the  loss  when  the  stack  is  smoking  from 
three  to  ten  per  cent,  of  the  heat  in  the  fuel. 

If  the  owner  of  a  plant  should  take  a  walk  through  his  plant  and 
see  unburned  carbon  in  the  ash  pile  and  on  investigation  found 
tlie  amount  of  carbon  was  equal  to  the  amount  of  ash,  probably 
some  one  soon  would  be  seeking  employment  elsewhere. 

The  higher  figures  given  above  would  be  more  loss  than  if  the  ash 
pile  were  one-half  unburned  coal. 

It  is  just  as  easy  to  have  this  same  loss  or  even  a  greater  loss 
and  yet  have  no  smoke.  We  would  not  think  that  a  plant  is  effi- 
cient if  the  carbon  dioxide  per  cent,  in  the  flue  gases  falls  to  ten, 
which  means  that  over  twice  as  much  air  is  passing  through  the 
furnace  than  is  theoretically  necessary  for  complete  combustion.  * 
We  analyzed  some  flue  gases  recently  and  the  carbon  dioxide  was 
only  a  little  above  six  per  cent.  The  difference  between  six  and 
ten  per  cent,  in  CO2  means  a  ])ieventable  loss  of  over  ten  per 
cent,  of  the  heat  liberated,  flue  gases  being  taken  at  550**  P  and 
air  at  90°. 
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This  loss  of  sensible  heat  carried  away  by  the  waste  gases  in 
the  average  plant  is  very  large.  In  a  test  we  witnessed  recently 
the  temperature  of  the  flue  gases  just  after  leaving  the  last  pass 
of  a  boiler  was  fifty  degrees  F.  higher  than  that  of  the  steam  in  the 
boiler.  In  average  good  practice  this  difference  in  temperature  is 
found  to  be  from  one-hundred  and  fifty  to  two  hundred  and  fifty 
degrees  P.  It  is  important  to  make  this  difference  as  small  as 
possible  as  the  heat  loss  from  this  cause  increases  with  the  tem- 
perature. 

It  is  also  important  that  the  percentage  of  CO2  be  made  as  high 
as  possible  and  at  the  same  time  avoid  smoke.  The  theoretical 
amount  of  air  necessary  for  complete  combustion  is  very  nearly 
tw^elve  pounds  per  pound  of  carbon.  If  perfect  combustion  could 
be  obtained  with  this  amount  the  percentage  of  carbon  dioxide 
would  be  twenty  and  seven-tenths,  or  the  percentage  by  volume 
of  oxygen  in  the  air.  It  is  not  practicable,  in  most  cases,  to  secure 
complete  combustion  with  less  than  thirty-five  to  forty  per  cent, 
excess,  due  to  the  inability  to  secure  a  perfect  mixture  of  the 
gases  and  the  short  time  allowed  for  combustion.  With  forty  per 
cent,  excess  of  air  we  get  fourteen  and  one-half  per  cent,  carbon 
dioxide.  With  one  hundred  per  cent,  excess  air  we  get  ten  and 
thirty-five  one-hundredths  per  cent,  carbon  dioxide.  With  two 
hundred  per  cent,  excess  air  the  percentage  drops  to  slightly  below 
seven  per  cent,  carbon  dioxide.  When  the  carbon  dioxide  per- 
centage drops  to  betw^een  four  and  five  per  cent. — a  condition  not 
unusual — there  is  passing  through  the  furnace  from  four  and  two- 
tenths  to  five  and  two-tenths  as  much  air  as  is  theoretically  re- 
quired. Just  consider  the  loss  due  to  heating  forty  or  fifty 
pounds  of  air  five  hundred  degrees  P.  for  each  pound  of  coal 
burned!  This  represents  avoidable  loss  of  about  five  thousand 
of  the  fourteen  thousand  five  hundred  B.  T.  U.  in  the  pound  of 
coal.  Is  thirty-five  per  cent,  of  your  coal  bill  worth  saving?  It 
is  for  you  to  decide  how^  much  you  can  afford  to  spend,  to  save 
it  if  such  conditions  exist  in  your  plant.  We  have  been  in  many 
plants  in  which  it  would  pay  the  ow^ner  large  dividends  to  have  an 
expert  on  combustion  do  nothing  else  than  look  to  the  carbon 
dioxide  content  of  the  flue  gases  and  work  for  an  increase  in  its 
percentage. 

Unbumed  carbon  in  the  ash  represents  a  comparatively  small 
loss,  ordinarily.  If  it  is  large  it  will  be  seen  on  a  close  examination 
of  the  ash. 
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Radiation  from  the  setting  and  boiler  surface  can  be  reduced  by 
proper  insulation.  This  loss  cannot  be  entirely  eliminated  but  can 
be  very  much  reduced. 

It  is  seen  from  the  above  that  the  large  losses  to  be  eliminated 
or  reduced  are  those  accompanying  the  production  of  smoke  or 
occuring  when  large  volumes  of  excess  air  are  passing  through  the 
furnace.  To  secure  the  highest  eflBciency  the  air  supply  should  be 
regulated  between  rather  narrow  limits.  The  best  way  to  do  this 
is  to  make  flue  gas  analysis  a  part  of  the  daily  routine  of  the  plant 
Work  for  a  high  carbon  dioxide  percentage  and  avoid  smoke. 

As  it  is  the  volatile  matter  in  the  coal  that  is  responsible  for  the 
smoke,  its  presence  in  the  fuel  should  be  kept  in  mind  when  con- 
sidering the  method  of  operation  to  be  used,  as  well  aa  when  the 
kind  of  furnace  is  to  be  decided  upon. 

The  types  of  furnaces  w^hich  burn  anthracite  coal  to  the  best 
advantage  are  not  satisfactory"  in  using  bituminous  coal.  To  suc- 
cessfully burn  soft  coal,  that  is,  efficiently  and  smokelessly,  the  fur- 
nace needs  modifications.  Means  must  be  provided  to  meet  the 
following  conditions : 

1.  The  proper  amount  of  air  at  all  times. 

2.  Provision  for  mixing  air  and  volatile  matter,  providing  time 
and  space  for  combustion  to  take  place,  making  allowance  for  the 
expansion  of  the  large  volume  of  gases. 

3.  Maintaining  a  high  temperature  in  fire  box  and  combustion 
chamber. 

Under  any  method  of  hand  firing  the  rate  at  which  the  volatile 
matter  is  driven  off  is  exceedingly  variable,  requiring  a  proportion- 
ately variable  amount  of  air  for  its  combustion.  Even  if  the  proper 
proportions  could  be  maintained  it  would  be  of  little  avail  in  pre- 
venting incomplete  combustion  and  production  of  smoke,  unless 
suitable  provision  is  made  for  mixing  these  gases,  providing  space 
for  combustion  to  take  place  in,  and  allowing  sufficient  time.  All 
this  would  not  i)roduce  the  desired  results  unless  at  the  same  time 
the  temi)erature  of  these  mixed  gases  is  maintained  at  a  point 
above  the  ignition  temperature  of  the  chemical  compounds  of  hy- 
drogen and  carbon  forming  the  volatile  part  of  the  fuel.  The 
ignition  temperature  of  these  gases  is  in  the  neighborhood  of 
thirteen  hundred  degrees  Fahrenheit. 

The  conditions  in  the  ordinary  hand  fired  furnace,  usually  do 
not  conform  to  the  above  reciuirenients.     Ordinarily  the  fireman 
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throws  in  quite  a  large  charge  of  coal  at  one  time  and  he  is  not  so 
very  careful  where  he  places  it.  Large  quantities  of  the  hydro- 
carbons are  driven  off  in  a  very  short  time,  the  rate  at  which  they 
are  driven  off,  being  greatest  very  shortly  after  the  coal  is  placed 
in  the  furnace,  and  becoming  less  and  less  as  the  coal  is  coked. 
No  hand  operated  or  automatic  device  has  successfully  met  the 
demand  for  so  variable  quantity  of  air,  therefore  the  first  men- 
tioned condition  is  not  had. 

The  ordinary  boiler  is  set  too  low.  If  it  is  a  return  tubular 
boiler  there  may  be  found  a  comparatively  large  combustion  cham- 
ber back  of  the  bridge  wall.  If  piers,  wing- walls  or  other  fire  brick 
constructions  are  found  in  the  combustion  chamber,  the  gases  must 
take  a  circuitous  path  and  will  become  more  or  less  thoroughly 
mixed.  Combustion  chambers  built  in  this  manner  are  occasionally 
found.  If  in  good  condition  and  constructed  accordingly  to  a  good 
design,  smokeless  operation  may  be  had.  Care  must  be  taken,  how- 
ever, that  the  openings  or  ports  in  these  piers,  wing-walls,  etc.,  are 
so  placed  and  proportioned  that  the  ash  carried  over  the  bridge 
wall  will  not  obstruct  the  passages  for  the  products  of  combustion. 
Several  cases  have  been  found  where  this  trouble  had  been  expe- 
rienced. In  addition  the  cleaning  out  of  the  combustion  chamber 
was  a  very  diflScult  operation,  on  account  of  the  ash  and  dust  fusing 
into  a  glassy  cinder  on  account  of  the  high  temperature. 

If  the  combustion  chamber  is  small  and  the  path  of  the  gases 
comparatively  straight  there  vnll  not  be  allowed  time  nor  space 
for  combustion  to  take  place.  If  the  hand  fired  furnace  is  under  a 
water  tube  boiler,  vertically  baffled,  and  no  coking  arch  or  dutch 
oven  used,  the  path  of  the  gases  is  very  short  and  little  time  is 
allowed  for  combustion. 

If  the  furnace  is  lacking  adequate  space,  smoke  results  from  the 
too  quick  cooling  of  the  gases.  The  gases,  if  they  come  in  contact 
with  the  surface  of  the  boiler  before  combustion  is  complete,  will 
be  cooled  much  below  the  ignition  temperature.  It  makes  no  differ- 
ence as  to  how  the  temperature  is  lowered  or  kept  low,  the  result 
is  the  same. 

You  are  all  familiar  with  the  three  systems  of  firing  intended 
for  prevention  of  smoke,  in  general  use.  The  coking  method  of 
firing,  or  the  placing  of  the  coal  at  the  front  of  the  furnace,  either 
on  a  dead  plate  or  on  the  grate,  requires  for  smokeless  combustion 
a  large  combustion  chamber  and  an  arch  over  that  part  of  the  grate 
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where  the  coal  is  being  coked.  It  cannot  be  succesaf  ully  used  when 
the  fuel  is  of  such  a  nature  that  it  wdll  not  coke  weU,  as  for  instance 
the  ''block  coal,"  mined  in  some  sections.  This  coal  on  being 
heated,  crumbles.  Other  coal  forms  bad  clinkers  which  give  trouble, 
especially  as  the  coked  part,  carrying  the  ash  is  pushed  toward  the 
rear,  leaving  nearly  all  the  ash  and  all  the  clinkers  on  the  back 
part  of  the  grate  where  it  is  with  difiSculty  removed,  nnleas  a  dump- 
ing grate  is  used. 

The  alternate  method,  in  which  one-half  the  furnace  is  fired  at 
a  time,  the  other  half  having  a  bed  of  incandescent  coke,  is  appli<*- 
able  when  provision  is  made  to  mix  the  two  currents  of  gases  after 
leaving  the  fire.  For  successful  operation,  a  large  combustion 
chamber  arranged  \Wth  fire  brick  bafiQes  or  piers  must  be  used  to 
thoroughly  mix  the  gases. 

The  spreading  method  is  not  satisfactory  from  either  a  smoke 
abatement  standpoint  or  from  the  standpoint  of  economy.  It  re- 
quires that  verj'  little  coal  be  thrown  into  the  furnace  at  a  time 
and  that  it  must  be  spread  very  carefully.  If  a  large  quantity  is 
placed  on  the  hot  bed  of  coke  the  fire  is  cooled  too  much  and  at  the 
same  time  such  large  quantities  of  volatile  matter  are  driven  off 
that  prevention  of  smoke  cannot  be  obtained.  This  method  is  less 
desirable  than  either  the  coking  method  or  the  alternate  method. 
The  air  admitted  when  doors  are  opened  is  destructive  to  both 
boilers  and  setting,  besides  cooling  the  furnace  below  the  ignition 
temperature  of  the  gases. 

The  use  of  steam  jets  is  not  to  be  recommended.  They  are  not 
eeonoinieal,  unless  very  carefully  useii.  In  most  cases,  they  pr*w 
duce  lower  eflSciency  than  is  obtained  without  their  use.  By  their 
ineffieieney  they  have  done  more  damage  to  the  smoke  abatement 
movement  than  they  ever  did  good  in  abating  the  smoke.  The  intro- 
duction of  steam  into  the  furnace  is  a  poor  policy  as  it  cools  the 
furnace.  It  is  the  direct  cause  of  water  gas  and  excessive  quan- 
tities of  carbon  monoxide,  free  hydrogen,  and  hydro-carbons  in  the 
waste  gases,  all  of  which  lower  the  efficiency.  The  .claim  is  made 
that  the  hydn>firen  is  burned  again — and  the  heat  returned  to  the 
furnace.  Even  if  it  is  all  burned,  which  we  do  not  admit,  the  heat 
requircil  to  raise  the  tcuipcraiuri^  of  the  steam  from  that  in  the 
boilers  to  that  of  the  tiue  gas^^s  is  lost.  The  only  advantages  ob- 
tamed  by  the  use  of  the  steam  jet  are  the  thorough  mixing  of  the 
gases  in  the  furnace,  and  the  introduction  of  air  over  the  fire, 
sometimes. 
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Automatic  Stokes 

Automatic  stokers  are  advantageous  in  so  far  as  they  operate 
under  the  above  mentioned  conditions  for  high  efficiency  and  smoke- 
lessness  and  in  addition  they  have  the  advantage  that  in  general, 
a  cheaper  grade  of  fuel  can  be  used  and  the  labor  expense  can  be 
reduced. 

For  small  plants  the  cost  of  installation  per  boiler  horsepower 
is  greater  than  for  medium  sized  and  large  plants.  In  small  plants 
the  reduction  in  labor  is  small  and  it  happens  in  very  small  sized 
installation  that  there  is  no  reduction  in  the  labor.  They  cannot  be 
installed  in  very  small  plants  economically.  There  are  certain  con- 
ditions of  fuel  and  required  service  which  will  recommend  one  ma- 
chine over  another.  In  selecting  the  type  and  particular  example  of 
that  type  for  installation,  it  is  a  good  thing  to  first  study  the  condi- 
tions to  be  met  and  the  cnditions  of  good  service  to  see  if  the  con- 
templated installation  is  the  best  for  the  conditions. 

Automatic  or  mechanical  stokers  are  of  two  general  classes,  viz. : 
— Underfeed  and  overfeed.  The  overfeed  has  two  distinct  types, 
viz. : — chain  grates  in  which  the  grate  has  a  motion  of  translation 
and  carries  the  fuel  through  the  furnace  and  dumps  the  ash,  and 
the  inclined  grates,  the  individual  grates  of  which  have  a  small 
motion  which  agitates  the  fuel,  and  the  fuel  under  the  influence 
of  this  agitation  and  gravity  is  moved  from  where  it  enters  to  the 
point  where  the  ash  is  to  be  discharged. 

In  the  underfeed  type  the  green  coal  is  pushed  under  the  bed  of 
the  fire,  and  the  grate  is  not  exposed  to  the  hottest  part  of  the  fire. 
Very  hot  fires  can  be  obtained  with  this  type  of  stoker  which  makes 
thetm  very  adaptable  to  metallurgical  work. 

There  is  in  Pittsburgh  a  plant  engaged  in  making  forgings  up  to 
three  or  four  hundred  pounds,  finished. 

Ten  or  twelve  years  ago  the  superintendent  thought  a  mechanical 
stoker  could  be  used  advantageously  for  his  heating  furnaces.  He 
installed  an  underfeed  stoker  and  found,  first,  he  doubled  the  out- 
put from  the  furnace  the  first  day  and  has  gotten  a  better  result 
at  times;  second,  and  most  important,  from  the  smoke  inspector's 
point  of  view,  there  is  no  smoke.  Needless  to  say  it  was  only  a  short 
time  till  he  had  all  his  furnaces  equipped  with  automatic  stokers. 

When  the  underfeed  is  used  for  boiler  service,  a  very  uniform 
boiler  pressure  is  had,  and  if  the  installation  is  a  good  one,  heavy 
overloads  may  be  carried.  As  this  type  must  depend  on  forced 
draft,  there  is  a  good  chance  for  securing  the  proper  proportions 
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of  air  and  coal.  The  manufacturers  of  this  type  of  stokers  claim 
that  when  the  apparatus  is  once  adjusted  the  proportions  are  main- 
tained, no  matter  at  what  rating  the  boiler  is  operating. 

There  are  three  serious  points  which  are  raised  against  the  under- 
feed stoker.  The  fan  engine  must  be  installed  in  duplicate  to  guard 
against  a  shut-down.  The  power  for  operation  is  large  and  in  some 
of  the  makes  the  cleaning  of  the  fires  is  a  very  hot  and  disagreeable 
task,  and  the  saving  in  labor  is  none. 

The  chain  grate  is  always  installed  with  an  arch  or  roof  over 
part  of  the  grate,  and  usually  it  is  set  with  a  dutch  oven.  The 
grate  is  exposed  to  the  hot  part  of  the  fire  only  a  portion  of  the 
time.  In  the  best  forms  the  chain  is  made  up  of  a  large  number  of 
links  which  form  the  grate  surface.  In  passing  over  the  sprockets 
these  links  rub  against  one  another,  cleaning  the  grate  of  any 
clinkers  which  may  have  formed. 

The  fuel  is  carried  from  the  coolest  part  of  the  furnace  through 
the  hottest  part,  all  the  volatile  matter  being  driven  off  while  the 
fuel  is  yet  under  the  coking  arch.  As  a  smoke  preventer,  this  grate 
is  excellent  if  set  properly  and  operated  by  intelligent  men.  With 
proper  operation,  very  good  results  are  obtained  with  the  best 
makes  of  this  type  of  stoker.  It  has  the  disadvantage  of  not  being 
quick  to  respond  to  sudden  changes  of  load,  as  for  instance, 
the  starting  or  stopping  of  the  engine  for  large  rolling  mill  work, 
the  engine  using  from  ten  to  twenty-five  per  cent,  of  the  steam  being 
made.  The  problem  of  avoiding  excess  air  is  difficult  with  this 
stoker;  the  excess  air  is  liable  to  come  in  at  the  rear  of  the  grate 
on  light  loads  and  also  at  the  sides  on  any  load. 

It  is  difficult  to  get  a  fireman  to  properly  regulate  his  draft 
according  to  the  load,  which  is  fatal  to  efficiency,  and  on  heavy 
loads,  fatal  to  smoke  prevention.  Of  the  inclined  grate  (L  e., 
gravity  feed  or  avalanche)  stokers  there  are  two  distinct  types. 
In  one,  the  fuel  is  fed  in  at  the  front,  and  by  agitation  it  slides 
down  over  the  bars  which  present  the  appearance  of  a  flight  of 
steps.  This  type  offers  the  serious  objection  that  the  fuel  hangs 
and  when  it  is  forced  to  to  move  it  moves  too  rapidly  and  slides  into 
the  hottest  part  of  the  furnace,  producing  smoke,  and  usually  lots  of 
it.  This  lack  of  imiform  movement  causes  air  holes  in  the  fire — ene- 
mies to  high  efficiency.  It  is  usually  set  with  little  or  no  coking  arch, 
a  necessary  part  of  a  smokeless  furnace.  If  the  arch  is  made  long 
enough  to  be  of  any  value  it  will  soon  burn  out.  We  have  it  on 
good  authority  that  the  Smoke  Inspection  Department  of  Chicago 
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will  not  approve  of  some  settings  having  this  kind  of  stoker.  Fire- 
men \^ill  use  the  poker  or  slicing  bar  from  the  side  doors  unless 
these  are  bricked  up.  We  have  seen  the  small  holes  for  using  the 
poker  in  the  front  bricked  up. 

There  is  another  form  of  gravity  feed  stoker  in  which  the  coal 
hoppers  are  at  the  sides  of  the  furnace.  A  coking  arch  covers  the 
whole  grate  and  in  some  cases  reaches  back  beyond  the  grates. 
This  furnace  is  not  so  bad  an  offender  as  the  form  just  mentioned. 
This  is  due  mostly  to  the  presence  of  the  coking  arch  or  roof  over 
the  grates.  Due  to  the  irregular  movement  of  the  coal  down  the 
grates,  holes  are  found  in  the  fire,  and  poking  is  resorted  to  .  This 
form  has  a  clinker  grinder  in  the  point  of  the  V  made  by  the  grates. 
With  a  badly  clinkering  coal  a  large  clinker  will  form  over  this 
clinker  grinder  and  stops  the  discharge  of  ash  and  clinkers.  These 
large  clinkers  must  be  removed  through  the  front  door  of  the  fur 
nace,  before  the  furnace  will  operate  properly.  This  is  a  particu- 
larly disagreeable  operation. 

We  recommend  the  use  of  mechanical  stokers  wherever  they  can 
be  used.  The  resulting  economy,  if  they  are  set  properly  and  well 
operated,  will  pay  large  dividends  on  the  investment,  especially  in 
plants  of  three  hundred  horse-power  up.  We  also  recommend  the 
flue  gas  analysis,  if  it  is  continuously  and  conscientiously  carried 
on,  and  an  effort  is  continually  made  to  better  the  plant  by  correct- 
ing all  things  which  it  indicates  as  faulty. 

It  will  do  no  good,  no  matter  how  good  an  installation  you  have, 
if  intelligence  is  not  also  available  in  the  boiler  room.  To  have  an 
economically  operating  plant,  a  much  better  class  of  labor  must  be 
had  than  is  usually  found  in  the  boiler  room.  If  we  can  convince 
the  men  who  are  responsible  for  the  policies  of  the  companies  that 
the  expenditure  of  a  certain  sum  of  money  will  produce,  in  their 
plants,  the  results  obtained  in  other  plants  where  eflBcient  and 
smokeless  operation  are  had,  the  smoke  problem  will  be  solved  in 
most  cases.  There  will  be  a  few  whom  we  will  have  to  use  a  strict 
ordinance  against,  just  the  same  as  we  must  have  laws  to  protect 
society  from  the  naturally  perverse. 

We  have  tried  to  show  some  of  the  principal  features  of  the 
smoke  problem  and  that  it  can  be  solved,  producing  clean  cities 
as  well  as  larger  profits  to  the  o^vners  of  the  various  plants.  We 
often  hear  the  expression,  ** Smoke  means  prosperity.*'  We  think  it 
should  be  changed  to,  *' Smoke  means  ignorance,  carelessness  and 
waste." 
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THE    INTERNATIONAL    SMOKE   ABATEMENT 

EXHIBITION  * 

Paper  No.  1116 

HELD  IN  LONDON.  MARCH  AND  APRIL  1912 

By  George  H.  Perkins,  Lowell,  Mass. 

(Read  October  5,  1912) 

Mr.  George  H.  Perkins,  Head  of  the  Engineering  Department 
of  the  Lowell  Textile  School ;  represented  the  City  of  Lowell,  The 
American  Society  of  Mechanical  Engineers  and  the  Department 
of  Commerce  at  the  Conference  in  London. 

An  International  Smoke  Abatement  Exhibition  and  Conference, 
under  the  auspices  of  the  London  Coal  Smoke  Abatement  Society* 
was  held  at  the  Royal  Agricultural  Hall,  Islington,  London,  March 
23  to  AprU  4,  1912. 

The  object  of  the  exhibition  was  to  make  a  comprehensive 
display  of  the  most  approved  modern  methods  and  devices  for  the 
abatement  of  coal  smoke,  applicable  either  to  industrial  plants  or 
domestic  fires.  There  were  also  exhibits  showing  the  injurious 
effects  of  smoke  deposits  upon  health,  building  materials,  works  of 
art  and  vegetable  life,  with  the  view  of  creating  an  active  and 
intelligent  public  sentiment  on  the  importance  of  this  widespread 
nuisance. 

The  educational  work  was  supplemented  by  a  series  of  con- 
ferences which  were  well  attended  by  official  delegates  from  most 
of  the  principal  cities  of  England  and  Scotland  as  well  as  from 
Germany,  Holland,  Sweden,  and  other  foreign  countries. 

Thet  exhibition  attracted  much  favorable  attention  from  the 
press  and  general  public,  and  upon  tlie  whole  was  considered  a 
success.  The  great  coal  strike  which  was  at  its  height  at  the  time, 
while  interfering  with  the  attendance  and  delivery-  of  exhibits  to 
some  extent,  tended  to  increase  public  interest  in  the  affair  and  to 
divert  attention  to  the  larger  question  of  tlie  conservation  of  the 
coal  supply. 


*  Courtesy  of  the  American  Society  of  Mechanical  Engineers. 
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Presbnt  Status  of  the  Smoke  Problem  in  England 

Smoke  has  been  a  recognized  nuisance  in  England  for  nearly 
:a  century.  As  early  as  the  year  1819,  Parliament  appointed  a 
committee  to  investigate  this  question  which  reported  that  effective 
smoke  abatement  devices  existed  and  should  be  used.  The  public 
health  acts  of  1875  and  1891  included  sections  covering  smoke 
abatement  which  are  the  only  present  laws  on  the  subject.  These 
statutes  have  not  proved  satisfactory  as  they  are  not  sufficiently 
definite  and  do  not  make  provision  for  their  proper  enforcement. 

Practically  all  the  effective  work  done  in  abating  the  smoke 
nuisance  has  been  accomplished  during  the  past  15  years.  The 
great  improvement  in  atmospheric  conditions,  as  far  as  London  is 
concerned,  has  been  due  principally  to  the  following  agencies : 

a    The  electrification  of  all  the  underground  railways  formerly 

operated  by  coal  burning  locomotives. 
b     The  rapid  increase  in  the  use  of  gas  appliances  for  heat- 
ing and  cooking.    When  authorities  agree  that  more  than 
one-half  of  London's   smoke   comes   from   domestic   fires 
burning  soft  coal,  the  following  figures  are  significant : 

Number  of  Gas 
Year.  Appliances  in  Use. 

1891  46,000 

1896  223,000 

1901  445,000 

1906  989,000 

1911  1,494,000 

c  The  work  of  the  London  Coal  Smoke  Abatement  Society, 
a  voluntary  association  which  has  for  its  objects  the  fol- 
lowing : 

1  To  aid  in  enforcing  the  existing  law  through  the  local 
sanitaiy  authorities,  by  the  employment  of  inspectors  who, 
after  investigation,  shall  report  offenders  to  the  proper 
officials. 

2  To  promote  and  encourage  all  voluntary  efforts  to 
abolish  smoke  from  private  dwellings  and  to  investigate  the 
best  means  for  effecting  this  object. 

3  To  obtain  particulars  and  evidence  of  methods  of  deal- 
ing with  smoke  nuisances  at  home  and  abroad. 

4  To  publish  information  on  matters  relating  to  smoke 
nuisances,  stimulate  invention  through  the  offer  of  prizes 


14    Perkins — The  International  Smoke  Abatement  Exhibition. 

and  to  conduct  tests  on  heating,  cooking  and  stoking  appa- 
ratus. 

5    To  effect  the  amendment  of  the  present  laws  with  the 
object  of  making  them  more  efficient. 

Other  societies  of  the  same  character  have  been  organized  in 
some  of  the  larger  cities  and  are  doing  effective  work  along  siniilar 
lines  to  that  of  the  London  society.  One  of  the  most  active  of  these 
is  the  Smoke  Abatement  League  of  Great  Britain  which  has  its 
headquarters  in  Manchester  and  branches  in  many  of  the  other 
large  industrial  centers. 

The  most  direct  evidence  of  the  improvement  made  in  smoke 
abatement  in  recent  years  is  in  the  record  of  observations  of  atmos- 
pheric conditions  taken  in  many  of  the  large  cities.  The  "black  fogs" 
once  so  prevalent  in  London  and  which  have  been  proven  to  have 
been  due  largely  to  smoke  are  to-day  practically  unknown.  The 
winter  sunshine  of  London  is  to-day  about  40  per  cent,  of  that 
observed  in  the  country  districts,  which  is  a  figure  double  that  of 
30  years  ago. 

In  nearly  all  of  the  larger  cities  a  marked  improvement  along 
similar  lines  has  been  made  each  year  and  through  the  agencies 
already  mentioned.  In  the  manufacturing  districts  particularly, 
the  boiler  users  are  taking  increasing  interest  in  this  matter,  realiz- 
ing that  it  has  an  important  influence  upon  the  efficiency  of  their 
plants.  The  public  is  also  aroused  to  the  situation  and  the  nrgencv 
and  practicability  of  smoke  abatement  seem  to  be  generally  appre- 
ciated. 

Summary  of  Papers  Presented  at  the  Conference 

The  papers  presented  at  the  conference  may  be  grouped  under 
thet  following  heads: 
A     Smoke  pollution 

1  Economic  and  Artistic  Aspects. 

2  Effects  on  Plant  Life 
B      Smoke  Abatement. 

1  Organization  of  Preventive  Action 

2  Physical  Principles  of  Smoke  Abatement 
(J     Laws  and  Legislation. 

1  Proposed  New  Legislation. 

2  Administration  of  Existing  Law 
(/l-l)     Economic  and  Artisiic  Aspects. 
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Under  this  head  papers  were  read  treating  of  the  effects  of 
smoke  upon  building  materials,  mural  and  house  painting,  orna- 
mental and  structural  metal  work  and  also  the  measurement  of 
soot  deposits. 

Examples  were  cited  of  the  disintegration  of  the  stone  in 
various  buildings  due  to  sulphuric  acid  in  the  atmosphere.  This 
acid  is  formed  from  the  union  of  the  oxidized  sulphur  com- 
pounds, resulting  from  the  combustion  of  coal,  with  the  moisture 
of  the  atmosphere.  An  analysis  of  stone  taken  from  St.  Paul's 
Cathedral  showed  74  per  cent,  of  calcium  sulphate,  the  original 
stone  being  calcium  carbonate  or  limestone.  Similar  results  were 
obtained  on  samples  taken  from  Westminster  and  other  well  known 
and  historic  structures.  Limestone  appears  to  suffer  more  than 
any  other  variety  of  stone  while  granite  is  not  seriously  affected. 

The  ecect  of  smoke  on  mural  and  fretsco  paintings  was 
due  to  a  similar  action,  the  plaster  beneath  the  pigments  losing 
much  of  its  binding  power  by  the  chemical  change  taking  place. 
The  effect  upon  house  paint  is  also  very  pronounced,  particularly 
on  the  lead  paints.  Practically  all  outside  work  must  be  re- 
painted at  least  once  a  year.  Zinc  oxide  paints  were  shown  to  be 
more  stable  than  lead  pigments  against  the  action  of  atmospheric 
acids. 

The  most  serious  effect  upon  metal  work  is  the  corrosion  of 
structural  steel.  Several  collapses  of  iron  roof  trusses,  notably 
that  of  the  Charing  Cross  Station,  have  resulted  from  this  cause. 
In  some  instances  it  was  found  that  about  10  per  cent,  of  the  iron 
had  been  dissolved  into  ferrous  sulphate.  The  corrosion  of  un- 
covered iron  or  steel  wire  has  also  been  observed  and  found  to  be 
extensive. 

During  the  past  year  the  soot  fall  of  London  has  been 
carefully  measured  by  means  of  specially  devised  soot  gages.  This 
work  has  been  in  charge  of  the  officers  of  the  Smoke  Abatement 
Society  and  the  extraordinary  results  obtained  may  be  summarized 
as  follows : 

The  total  yearly  deposit  from  the  atmosphere  was  650  tons 
per  square  mile,  or  a  total  of  76,050  tons  per  annum  for  the  entire 
administrative  county  of  London  of  117  square  miles.  This  figure 
includes  8000  tons  of  sulphates,  6000  tons  of  ammonia  and  3000  tons 
of  chlorides,  the  balance  being  carbon  and  tarry  products.  The 
deposit  per  square  mile  at  Surrey,  on  the  border  of  the  metropolitan 
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area,  was  only  195  tons  per  year,  or  less  than  one  third  that  of 
London  proper,  sho>\dng  clearly  the  comparative  purity  of  country 
air. 

(A-2)     Effects  on  Plant  Life 

Evidence  was  given  by  the  authorities  in  charge  of  the  Kew 
Gardens  and  other  parks  as  to  the  difficulty  of  maintaining  vegeta- 
tion in  smoke  affected  districts.  Only  a  few  hardy  plants  and 
shrubs  will  survive  the  winter  season  in  the  large  cities.  The  main 
effects  of  smoke  on  vegetation  are  due  to  the  following : 

1  Reduction  of  light  and  heat  from  the  sun. 

2  Soot  deposits  excluding  still  more  light. 

3  Tarry  deposits  blocking  the  pores  of  the  plants. 

4  Acid  deposits  lowering  the  vitality  of  plants. 

The  effect  upon  health  of  smoke  polluted  atmasphere  was 
clearly  shown  by  figures  given  from  Glasgow,  where  a  study  has 
been  made  of  the  effect  of  smoke  fogs  upon  the  death  rate  from 
bronchial  diseases  such  as  bronchitis,  pneumonia  and  pleurisy. 
The  deaths  from  these  diseases  alone  increased  at  a  remarkably 
rapid  rate  during  prevalent  fogs  and  could  be  traced  to  no  other 
source. 

(5-1)     Organization  of  Smoke  Abatement  Work 

The  w^ork  of  the  various  smoke  abatement  societies  was  de- 
scribed in  detail  and  many  suggestions  were  made  regarding  the 
possible  future  study  of  this  problem.  The  majority  of  these  sugges- 
tions were  along  the  line  of  determining  the  actual  economic  loss  to 
the  community  caused  by  smoke,  it  being  generally  conceded  that 
the  engineering  side  of  the  question  is  well  in  hand  and  sufficiently 
well  developed  to  meet  practically  all  conditions  provided  careful 
study  is  made  of  the  factors  involved. 

Some  of  the  elements  in  the  economic  loss  to  a  city  are  as 
follows : 

1  Added  cost  of  artificial  illumination. 

2  Added  cost  of  painting  exteriors  and  interiors. 

3  Added  cost  of  laundering  and  other  cleansing. 

4  Damage  to  goods  in  stores  and  factories. 

5  Effect  of  gloom  upon  the  efficiency  of  workers. 
Recognition   was  made  of  the  splendid   work   done  on   smoke 

abatement  in  Cleveland,  Ohio,  and  Chicago,  111.,  where  the  prog- 
ress made  within  the  past  five  years  has  been  remarkable.  In 
both  of  ihi'Ae  cities  the  problem  is  handled  by  efficient  depart- 
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ments  of  the  municipal  governments  furnishing  a  most  excellent 
example  of  honest,  effective  and  thorough  public  service.     These 
two  cities  are  without  question  well  in  advance  of  any  other  Amer- 
ican municipalities  in  the  matter  of  smoke  abatement. 
(B-2)     The  Physical  Principles  of  Smoke  Abatement 

The  papers  presented  under  this  head  covered  various 
phases  of  the  subject,  including  the  effect  of  smoke  upon  steel 
making,  losses  due  to  incomplete  combustion,  hand  and  mechan- 
ical firing,  the  manufacture  of  smokeless  fuels  and  the  construc- 
tion and  operation  of  producer  gas  plants.  The  production  of 
steel  without  objectionable  smoke  was  held  to  be  practicable, 
without  affecting  the  quality  of  the  steel. 

Results  of  tests  weret  given  showing  the  loss  due  to  unburned 
combustible  matter  in  smoke  and  that  due  to  a  non-conducting 
layer  of  soot  upon  the  surfaces  of  boiler  tubes  and  plates. 

The  value  of  trained  firemen  was  especially  emphasized 
and  the  subject  of  hand  firing  and  conditions  under  which  it  might 
be  successful  were  discussed.  It  was  proposed  to  add  to  the  present 
license  for  firemen,  a  certificate  of  competency  based  upon  a  knowl- 
edge of  proper  conditions  for  perfect  combustion,  heating  value  of 
fuels,  etc. 
(C)     Laws  and  Legislation 

The  larger  part  of  the  matter  presented  under  this  head 
would  not  be  applicable  in  this  country  for  obvious  reasons.  A 
strong  plea  was  made,  however,  for  uniform  and  definite  legisla- 
tion on  smoke  abatement.  The  principal  paper  in  this  group  urged 
the  appointment  of  a  royal  commission  to  inquire  generally  into  the 
subject  of  smoke  emission  for  the  purpose,  if  possible,  of  having 
a  stringent  general  law  passed  by  Parliament.  It  was  suggested 
that  this  royal  commission,  if  appointed,  be  directed  to  inquire : 

1  What  standard,  if  any,  is  desirable  as  to  the  color  or  density 
of  the  smoke  which  should  be  deemed  a  nuisance  f 

2  How  the  color  or  density  of  smoke  can  best  be  identified? 

3  Are  the  fines  at  present  inflicted  upon  offenders  sufficiently 
adequate  to  act  as  deterrents  ? 

4  Who  should  be  punished,  the  owner  of  the  works,  the 
engineer  in  charge,  or  the  stoker,  when  smoke  nuisances 
result  from  the  careless  manipulation  of  well  equipped 
installations  ? 

5  Should  any  industries  receive  special  treatment  ? 
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6  Should  Government  inspectors  be  appointed  to  act  in  regard 

to  the  emission ! 

7  Should  Government  premises  be  placed  under  the  obligation 

to  prevent  smoke  nuisances? 

8  Ought  any  hourly  or  other  time  limit  be  fixed  during  which 

black  or  other  smoke  may  be  permitted  to  issue  from  factory 
chimneys  1 

9  Should  all  cases  be  heard  by  stipendiaries?  (Paid  Magis- 

trates.) 

10  Can  the  issue  of  an  unreasonable  quantity  of  smoke  be 

prevented  except  in  cases  of  accident  or  breakdown? 

11  Can  it  be  shown  that  the  installation  of  proper  appliances 

generally  results  in  economy  as  is  contended  by  *' smoke 
abaters"? 

12  The  incidence,   intensity  and  duration  of  fogs   and   their 

effects  on  health. 

13  The  influence  of  smoke  on  health. 

14  The  damage  of  smoke  to  buildings,  works  of  art  and  prop- 

erty generally. 

15  Foreign  efforts  to  cope  with  the  smoke  nuisance. 

16  How  far  is  it  possible  by  smoke  abatement  to  conserve  the 

coal  supply  ? 

17  How  far  is  it  practicable  to.  deal  with  the  smoke  from  pri- 

vate dwelling  houses? 

Classification  of  Exhibits 

The  exhibits  may  be  classified  into  the  following  groups: 

a  Boiler  furnaces;  special  grate  bars  and  furnace  construc- 
tion ;  ineelianieal  stokers  of  all  types ;  smoke  preventing 
devices  of  various  kinds;  fuel  economizers;  briquette 
making  machines. 

h     Suction  gas  plants;  gas  and  oil  engines. 

c  Open  coal-fere  grates;  stoves  and  ranges  of  all  kinds;  draft 
regulators  and  otlit^r  smoke  preventing  appliances  for 
domestic  fires. 

d  Gas  stoves  and  gi'ates;  gas  heating  and  cooking  appli- 
ances. 

e     Electric  heating  and  cooking  appliances. 

f  Testing  deviees,  inehiding  anemometers,  tintometers,  soot 
gages,  automatic  iras  analyzing  devices,  etc. 
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g    Fans  and  other  appliances  for  the  removal  of  dust  of 
various  kinds  from  industrial  plants. 

h  Smokeless  fuels,  both  natural  and  artificial. 
While  there  was  little  essentially  new  in  the  principles  under- 
lying the  various  devices  exhibited,  there  has  been  a  marked  im- 
provement  made  within  a  few  years  in  their  design  and  mechanical 
construction.  There  was  also  evidence  of  an  appreciation  and 
careful  study  of  the  theoretical  side  of  the  question  which  has 
undoubtedly  contributed  largely  to  the  relatively  better  results 
obtained  in  recent  years.  The  exhibits  were  so  numerous  and  varied 
that  only  the  most  important  will  be  mentioned. 

Mechanical  Stokers 

The  stoker  which  appeared  to  bet  considered  the  best 
adapted  for  the  prevailing  conditions  in  England  is  the  chain 
grate  type. 

When  used  with  the  proper  fuel,  preferably  bituminous 
slack,  this  type  appears  to  meet  the  requirements  of  smokeless 
combustion  more  nearly  than  any  other  device,  particularly  with 
water  tube  boilers.  The  best  sample  of  this  stoker  exhibited  was 
by  the  Babcock  and  Wilcox  Company. 

A  number  of  types  of  coking  stoker  were  shown,  the  best 
being  those  made  by  J.  Hodgkinson  of  Salford  and  E.  Bennis  of 
Bolton.  These  stokers  are  better  adapted  to  the  Lancashire  type 
of  boiler,  since  they  are  not  readily  forced.  In  their  action  a 
reciprocating  ram,  mechanically  driven,  and  located  in  the  bot- 
tom of  the  hopper,  forces  a  small  quantity  of  fuel  on  to  a  **dead'' 
or  coking  plate  at  each  forward  stroke.  While  the  fuel  remains 
upon  this  plate  the  volatile  products  are  driven  off  and  the  coked 
coal  then  drops  upon  the  grate  bars  which  are  of  a  sliding  type 
and  actuated  by  a  cam  motion  on  the  front  end.  The  mass  of 
the  fire  is  constantly  carried  toward  the  rear  of  the  furnace*  by 
an  intermittent  and  simultaneous  movement  of  all  the  bars,  the 
return  stroke  of  each  bar  being  independent. 

There  were  a  number  of  forms  of  sprinkler  stoker  shown 
which,  although  of  ingenious  design,  have  not  proved  satisfactory 
where  smokeless  operation  is  desired. 

While  there  were  no  underfeed  stokers  exhibited,  there 
are  a  number  of  English  machines  of  this  class  giving  satisfaction 
under  the  proper  conditions.     The  best  known  are  the  Vickers, 
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Bennis,  Underfeed  and  the  Proctor.  This  type  of  stoker  is  not 
so  well  adapted  for  use  with  the  average  fuel  available  in  Eng- 
land and  is  not  so  extensively  used  as  in  America. 

Patent  Furnaces 

There  were  many  exhibits  under  this  head,  only  a  few  of 
which  possessed  real  merit.  The  majority  of  these  appliances 
consisted  simply  of  properly  controlled  steam  jets  with  special 
forms  of  grate  bars.  There  were  a  few  good  devices  for  the  auto- 
matic regulation  and  timing  of  the  supplementary  air  supply, 
both  over  the  fire  and  below^  the  grate.  The  best  of  these  was  the 
Kowitzke  furnace  which  was  excellently  designed  and  simple  in 
operation. 

Various  types  of  furnace  construction,  designed  to  effect  a 
better  mixing  of  the  gases,  were  also  shown.  The  Gregory  pat- 
ent furnace  makes  use  of  a  supplementary  jet  of  vaporized  fuel 
oil  ejected  over  the  fire,  w-hich  is  claimed  to  add  materially  to 
the  efficiency. 

A  special  boiler  kno\Mi  as  the  Bettington  is  dsigned  to 
allow  the  use  of  a  mixture  of  air  and  pulverized  fuel  or  coal  dust, 
introduced  by  air  blast  at  the  bottom  of  the  boiler  which  is  of  the 
vertical  type.  This  boiler  is  intended  for  use  at  mines  or  wherever 
fuel  of  a  finelv  divided  character  is  available. 

Miscellaneous  Devices 

A  device  for  the  optical  analysis  of  the  gases  of  combus- 
tion by  means  of  a  interforometer  was  shown  by  Carl  Zeiss  and 
Company.  It  is  based  upon  the  principle  that  the  refractive 
power  of  the  gases  is  dependent  upon  the  content  of  carbon  dioxide. 
A  gas  refractometer  is  so  calibrated  that  the  analysis  of  the  gas 
may  be  read  on  the  scale  bysimple  inspection.  A  special  form  of 
tintometer  was  also  shown  in  a  portable  form  for  gaging  the  dens- 
ity of  smoke  or  fog. 

The  numerous  forms  of  appliances  adapted  for  domstic 
uses,  all  showed  improved  features,  but  need  not  be  described  here. 

Other  interesting  exhibits  included  **  Coalite"  and  other 
artificial  smokeless  fuels,  spark  and  soot  catching  chimney  cowls 
and  special  chimney  construction  for  effecting  a  dilution  of  the 
smoke  as  it  is  emitted. 
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Conclusions  on  Smoce  Abatement 

In  judging  of  the  merits  of  the  various  types  of  mechan- 
ical firing  appliances  exhibited,  it  should  be  recognized  that  all 
of  these  devices  were  designed  for  local  conditions  and  for  burn- 
ing English  or  Scotch  coals.  These  fuels  cost  from  $2.50  to  $3.50 
per  ton  at  the  plant,  contain  from  30  per  cent,  to  35  per  cent,  vola- 
tile matter  and  11,000  to  13,000  b.t.u.  per  lb.  In  these  respects 
they  correspond  to  our  Illinois  or  other  western  coals.  This  class 
of  fuel  is  not  available  in  New  England  for  economic  reasoi.s. 
The  freight  charges  on  coal  in  this  section  amount  to  about  ^3.()0 
or  nearly  three  quarters  of  the  average  cost  of  fuel  per  ton.  It 
is  therefore  not  feasible  or  economical  to  bum  any  but  the  high- 
est grade  of  bituminous  coal  in  this  part  of  the  country  for  in- 
dustrial purposes.  This  class  of  fuel  should  contain  about  14, 
000  b.t.u.  per  lb.  and  not  over  20  per  cent,  volatile  matter.  On 
the  chain  grate,  for  example,  which  gives  excellent  results  in 
Englaiid,  this  coal  could  not  be  burned  satisfactorily.  It  wouM 
be  impossible  to  maintain  a  proper  ignition  temperature  with 
sui'h  a  :ow  per  cent,  of  volatile  matter  without  an  excessive  draft 
which  would  give  large  losses  to  the  stack.  The  chain  grate  is 
meeting  with  success  in  this  country  wherever  fuel  of  the  lower 
grades  is  available. 

Of  the  other  devices,  perhaps  the  most  important  are  those 
automaticaly  controlling  the  air  supply,  both  over  and  under  the 
fire.  These  eliminate  the  personal  factor  of  the  fireman  and 
should  be  effective  on  any  type  of  hand-fired  furnace. 

In  conclusion,  smoke  abatement  may  be  best  effected  in 
the  present  state  of  the  art  of  fuel  burning  by  thorough  consider- 
ation of  the  following  conditions.  Careful  attention  to  one  or 
all  of  these  factors  by  competent  engineers  will  increase  the  effi- 
ciency of  any  plant  and  with  efficient  combustion  comes  smoke- 
less operation. 

1  Selection  of  a  suitable  fuel  with  provision  for  maintaining 
same  at  fixed  standard  of  heat  value. 

2  Careful  scientific  study  of  the  conditions  prevailing  in  the 
plant,  including  draft,  composition  of  gases,  temperatures, 
etc. 

3  Design  or  selection  of  type  of  furnace  or  apparatus  be'St 
adapted  to  meet  these  conditions. 

4  Proper  construction  or  installation  of  same. 
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5  Careful  selection  of  operating  force. 

6  Suitable  instrumental  aids  or  guides  for  the  fireman  and 
responsible  engineer. 

7  Frequent  and  thorough  inspection  to  insure  maintenanct^ 
of  highest  possible  eflSciency. 

Work  of  the  Hamburg  Smoce  Abatement  Society 

Among  the  delegates  present  at  the  London  conference 
was  Herr  Nies,  chief  engineer  of  the  Vereins  fur  Feueningsbe- 
trieb  und  Rauchbekampfung,  of  Hamburg,  who  later  extended  to 
the  writer,  in  Hamburg,  many  courtesies  which  brought  him  into 
contact  with  the  work  of  the  society. 

The  Hamburg  society,  which  was  organized  in  1902,  is 
essentially  defferent  from  other  organizations  of  this  character  in 
the  following  important  features : 

a    It  is  an  entirely  voluntary  organization  of  manufacturers 
and  other  boiler  users  bound  together  only  by  a  common  de 
sire  to  obtain  greater  efficiency  and  less  smoke  from  their 
power  plants. 
b     The  working  staff  of  the  society  is  composed  wholly  of 

technically  trained  engineers. 
c     All  boilers  owned  by  members  are  imder  the  systematic  and 

scientific  control  of  the  expert  staff  of  the  society. 
d     All  members  benefit  nuitually  by  the  published  results  of 

all  tests  and  investigations  made  by  the  engineers. 
/      The  economy  of  smokeless  combustion  is  the  cardinal  prin- 
ciple and  the  members  have  been  convinced  of  this  in  a 
most  practical  manner,  in  the  savings  effected  in   a  fuel 
consumption  by  their  co-operative  effort. 
The    society    now    numbers    486    members,    representing    1381 
boilers.   The  annual  dues  of  members  are  small,  being  only  $5 
and  $.")  additional  for  each  boiler  in  their  plants.     The  society  is 
entirely  self-supporting  and  draws  its  funds  from  three  sources, 
annual  dues,  i)aymcnt  for  speeial  work  or  reports,  and  payments  for 
outside  work. 

The  education  and  control  of  iircnuMi  in  the  proper  per- 
formance of  their  duties  an*  also  undertaken  by  the  fireman  in- 
structors on  the  staff  of  the  society. 

C'om])arative  tests  of  fuels,  siiiake  preventive  devices,  etc., 
are  carried  out  by  the  eufjineei-s  and  the  results  are  circulated  among 
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the  members.  Advice  is  also  given  on  purchase  of  fuel,  the  buyers 
being  educated  by  the  engineering  staff  to  appreciate  the  importance 
of  this  matter. 

The  egineering  staff  of  the  society  consists  of  a  chief  en- 
gineer, four  assistant  engineers  and  eight  trained  firemen  who 
act  as  fireman-instructors.  For  the  chemical  and  thermal  analy- 
sis of  fuels,  the  society  avails  itself  of  the  testing  laboratory  of 
Dr.  Aufhauser,  at  Hamburg.  This  laboratory,  which  is  one  of  the 
most  complete  of  its  kind  in  Germany,  tests  about  2000  samples 
of  fuel  annually.  Dr.  Aufhauser  also  edits  a  periodical  called 
** Smoke  and  Dust,'*  to  which  the  engineers  of  the  society  are  fre- 
quent contributors. 

The  work  of  the  Hamburg  society  is  as  practical  and  ef- 
fective scientific  work  as  is  done  anywhere  along  these  lines.  The 
efficiency  of  the  plants,  under  its  control,  is  materially  bettered 
and  maintained,  the  owners  derive  a  substantial  economic  gain 
and  the  smoke  problem  is  solved  without  the  aid  of  the  usual 
unsatisfactory   legislation. 

DISCUSSION 

Chairman. — I  will  call  upon  Dr.  Herman  B.  Allyn,  representing  the  Phila- 
delphia County  Medical  Society,  who  will  talk  upon  the  subject  from  a  sani- 
tary point  of  view. 

Dr.  Herman  B.  Allyn. — One  of  the  most  gratifying  things  is  to  learn  that 
one  of  the  most  important  cities  of  the  State  has  taken  up  an  investigation 
which  will  be  a  benefit  to  the  entire  country.  It  does  seem  that  an  investiga- 
tion of  this  sort  should  be  so  thorough  that  nothing  will  be  left  out,  nothing 
left  undone,  and  I  very  much  hope  that  the  commission  having,  this  matter 
in  charge  will  be  able  to  report  on  it  at  no  very  distant  date. 

Regarding  the  collection  of  dust  and  soot,  one  might  consider  it  from  several 
points  of  view.  In  the  first  place,  the  effect  of  smoke  and  soot  upon  buildings 
and  upon  draperies  and  hangings,  and  the  effect  of  obscuring  the  sunlight;  or 
one  might  consider  it  from  a  purely  economic  standpoint,  the  effect  of  smoke 
and  soot  in  its  depreciation  of  property,  by  the  chemical  action  of  soot  and  also 
the  enormous  waste,  something  like  30  or  40%  if  I  recollect. 
•  But  the  effect  of  smoke  and  soot  upon  the  health  is  a  matter  which  naturally 
interests  me  most,  and  in  this  respect,  of  course,  we  are  not  able  to  do  what 
Mr.  McBride's  experiment  with  vegetables  has  done,  because  until  after  a  per- 
son's death  we  are  not  able  to  tell  how  much  smoke  and  soot  he  has  absorbed, 
so  it  is  not  easy  to  state  in  regard  to  any  individual  or  individuals  just  how  much 
damage  has  been  sustained.  We  have  known,  however,  that  in  mining  com- 
munities, the  miners  have  absorbed  sufficient  coal  to  transform  their  lungs  into 
a  material  about  as  black  as  the  hats  they  wear,  but  the  damage  sustained  is 
diflficult  to  estimate. 
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The  problem  may  be  well  likened  to  that  which  we  had  with  respect  to  ty- 
phoid fever  in  Philadelphia  before  the  advent  of  filtered  water.  We  felt  that 
the  outbreak  of  typhoid  was  due  to  the  contamination  of  the  water,  but  you 
will  remember  that  it  was  very  rarely  possible  to  find  the  typhcnd  bacilli  in 
the  water.  We  do  know,  however,  that  after  filtered  water  came,  the  typhoid 
almost  disappeared.  I  do  not  know  that  I  have  seen  a  case  of  typhoid  fev^  which 
developed  in  the  district  in  which  I  live  in  West  Philadelphia  since  we  have  had 
filtered  water.  I  know,  of  course,  that  there  have  been  cases  among  peof^ 
who  have  returned  from  Atlantic  City  or  other  simmier  resorts,  the  disease 
having  been  contracted  while  they  were  away.  But  cases  of  city  origin  in  the 
districts  supplied  with  filtered  water  have  been  very  few. 

We  are  in  somewhat  the  same  position  regarding  the  evil  effects  of  smoke  and 
soot.  We  believe  they  are  injurious,  but  we  may  not  be  able  to  prove  it  con- 
clusively until  we  compare  the  city  health  after  smoke  and  soot  are  nearly 
abolished  with  health  conditions  as  they  exist  today. 

Now  in  regard  to  the  health  of  the  individual.  If  we  could  know,  for  instance 
the  health  of  Pittsburgh  before  and  after,  as  we  will  be  able  to  do  some  day,  we 
could  show  that  such  and  such  ill  health  was  due  to  smoke  and  soot.  In  Ger- 
many there  are  certain  districts,  such  as  Essen,  which  are  very  smoky,  and 
there  are  others  which  are  not,  and  the  differences  in  prevalent  dliw^^My  ve 
striking.  Louis  Ascher,  who  investigated  health  conditions  at  Essen  where  the 
Krupp  Works  are,  and  compared  them  with  those  at  Krefeld,  an  enterprising 
town  in  tl^e  same  district  of  Hhenish  Prussia,  but  g  ven  up  to  tedile  manu- 
factures, found  quite  a  considerable  difference.  What  he  foimd  was  that  in  thu 
textile  district  of  Krefeld,  where  they  make  tapestries  and  silks,  there  was  a 
larger  morbidity  from  tuberculosis,  whereas  in  the  Essen  district  they  had  a 
larger  morbidity  from  very  acute  Jung  infections,  namely,  pneumonia,  bron- 
chitis and  the  like.  The  difference  was,  as  I  remember,  about  130  as  compared 
^-ith  40,  showing  greater  liability  to  acute  lung  affections  in  the  district  where 
there  was  the  most  smoke.  I  wish  we  had  some  definite  statistics  in  regard  to 
our  own  country. 

Ascher  did  another  interesting  piece  of  work.  He  investigated  the  ^ect 
upon  animals  who  were  kept  in  a  smoky  atmosphere  and  then  inoculated  with 
a  disease.  He  fomid  that  they  died  in  a  much  shorter  time  in  such  smoky 
atmosphere.  He  also  report  s  that  in  regions  where  there  is  a  great  deal  of  smoke, 
while  there  is  less  tuberculosis  as  compared  with  the  district  where  textile  in- 
dustry predominates,  but  the  air  is  not  so  smoky,  yet  the  diuution  of  life  is 
shorter  for  those  who  have  tuberculosis,  showing  that  smoke  has  a  distinct  in- 
fluence uix>n  the  duration  of  the  life  of  the  tuberculous  patient.  That  is,  he 
has  fewer  years  to  live  in  a  smoky  atmosphere  than  in  a  clear  atmosphere. 

In  a  lecture  on  Smoke  Abatement,  delivered  at  the  International  Health  Ex- 
hibition, in  1884,  by  Ernest  Hart,  he  quotes  Sir.  Wm.  Gull,  as  follows:  "It  is 
clear  that  smoke  and  fog,  not  only  touch,  but  kill  the  life  of  man."  Sir  Andrew 
Clark,  Sir  Henry  Thompson,  Sir  T.  Spencer  Wells,  Prof.  Corfield,  Dr.  Ransome 
(of  Manchester)  and  other  eminent  medical  authorities  have  added  their  testi- 
mony : 

"Sir  Andrew  Clark  writes  to  me:  *'I,  for  my  part,  have  no  manner  of  doubt 
that  a  smoke-laden  atmosphere  exercises  an  injurious  influence  upon  the  health, 
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moral  as  well  as  physical,  of  those  persons  who  dwell  in  the  midst  of  it. 
A  smoky  atmosphere,  both  by  its  exclusion  of  light  and  by  the  irritating  par- 
ticles suspended  in  it,  is  hurtful  to  the  lungs  and  air  passages;  it  aggravates  the 
discomforts  of  sufferers  from  heart  disease;  it  deepens  the  distress  of  the  nerv- 
ous; it  lowers  the  tone  of  general  health;  it  adds  perils  to  the  sickness  of  the 
aged;  and  it  materially  diminishes  that  brightness  and  buoyancy  of  spirits 
which  contribute  so  much  to  the  power  and  gladness  of  life.' " 

During  the  five  years,  1868-1873,  the  average  death-rate  from  diseases  of  the 
respiratory  organs  was  2.27  per  1,000  in  Westmoreland  (one  of  the  healthiest 
counties  in  England)  and  2.51  in  North  Wales. 

For  the  whole  of  England  and  Wales  it  was  3.54;  for  Salford,  5.12;  and  for  the 
Registration  district  of  Manchester,  6.10.  Taking,  however,  the  township  of 
Manchester  alone,  it  appears  that  in  1874,  the  last  for  which  returns  have  been 
published  by  the  Registrar-General,  the  death-rate  from  these  diseases  amounted 
to  7.7  or  three  times  the  average  of  healthy  districts,  and  more  than  double  the 
general  average  for  town  and  coimtry  districts — healthy  and  unhealthy.  If, 
therefore,  the  rate  could  be  reduced  to  the  average  for  all  England,  there  would 
be  an  annual  saving  of  more  than  700  lives  in  Manchester  alone. 

In  1873,  the  deaths  in  Westmoreland  from  diseases  of  the  respiratory  organs 
were  13.7  per  cent.;  in  all  England  and  Wales,  17.2  per  cent.;  in  Birmingham, 
18.2;  in  Liverpool,  18.7;  in  Sheffield,  21.0;  and  in  Manchester,  21.6  per  cent.; 
but  excluding  the  out  townships,  the  rates  in  the  township  of  Manchester  alone 
amounted  to  23.2  per  cent.  It  appears  therefore,  that  Manchester  suffers  more 
from  diseases  of  respiratory  organs  than  any  other  town  or  city  in  England;  and 
it  may  be  safely  affirmed  that  if  no  means  can  be  found  of  reducing  the  number 
of  deaths  from  this  class  of  diseases,  it  is  hopeless  to  expect  that  any  material 
improvement  can  be  made  in  the  general  state  of  the  public  health,  or  any  sen- 
sible reduction  effected  in  the  general  death-rate  of  the  city.  (Extract  from 
Manchester  and  Salford  Sanitary  Association  Report.) 

There  is  reason  to  fear  that  our  condition  may,  in  the  course  of  time,  be  as 
bad  as  those  in  the  smoky  cities  of  Manchester  and  Birmingham  I  have  men- 
tioned. The  remedies  are  education  and  an  aroused  public  sentiment  against 
smoke. 

Dr.  Anders. — Speaking  in  connection  with  my  colleague.  Dr.  Allyn,  as  I 
had  the  privilege  of  doing  once  before  on  an  occasion  when  this  question  was 
brought  up,  I  can  only  reiterate  and  emphasize  some  of  the  points  I  tried  to  lU'ge 
at  that  time,  and  those  that  have  also  been  touched  upon  tonight  by  Dr.  Allyn. 

There  is  no  question  but  that  the  undue  prevalence  of  smoke  is  not  simply 
a  matter  of  waste  and  extravagance  from  an  economic  standpoint.  It  is  not 
simply  a  matter  of  defacing  public  buildings,  the  destruction  of  fabrics,  fumi- 
tiu'e,  clothing,  etc.,  things  which  appertain  to  domestic  life;  it  is  not,  as  I  under- 
stand it,  a  nuisance  to  public  comfort  only,  but  it  is  distinctly  a  menace  to  pub- 
lic health;  and  as  representatives  of  the  profession  and  representing  the  societies 
we  do,  it  is  our  duty  to  bring  the  matter  to  your  notice  tonight.  There  are  those 
connected  with  the  laboratory  who  have  failed  to  notice  the  influence  smoke  has 
on  the  public  health;  but  those  who  are  practising  physicians  cannot  but  believe 
definitely  that  smoke  prevalence  counts  for  a  great  deal  in  its  influence  upon  the 
public  health.    Of  course,  as  a  direct  cause  of  disease  it  no  doubt  ranks  decidedly 
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the  smoke  problem.  To  make  political  appointments,  and  to  carry  on  the  work 
as  a  pohtical  proposition,  expecting  to  clean  up  the  smoke  problem  in  two  years, 
three  years,  or  four  years,  is  not  the  right  way  to  go  about  it;  the  political  factor 
must  be  eliminated.  I  beUeve  it  necessary  to  start  out  with  a  twenty-five  year 
proposition,  nothing  less.  In  Cleveland,  Pittsburgh,  or  in  St.  Louis,  it  may  take 
even  longer.  In  Philadelphia  we  ought  to  start  immediately.  I  have  not 
been  here  more  than  three  times  in  my  life,  and  I  thought  Philadelphia  was  a 
clean  city  until  today  when  I  was  much  astonished,  in  looking  from  a  high 
building,  to  see  the  amount  of  smoke  you  have  here.  It  seems  to  me  it  is  neces- 
sary for  you  to  get  busy  before  the  conditions  get  thoroughly  bad.  The  smoky 
condition  here  is  creeping  in  slowly  and  ought  to  'be  checked.  It  is  entirely 
possible  to  bum  soft  coal  without  making  smoke,  but  it  takes  an  exceedingly 
careful  study  of  the  type  of  fiu-nace  and  other  conditions  relating  to  draft,  etc. 
A  couple  of  examples  will  illustrate. 

In  tests  made  by  the  Government  in  connection  with  torpedo  boat  service, 
attempts  were  made  to  use  briquettes  made  from  bitiuninous  coal  in  an  effort 
to  eliminate  smoke,  so  the  boats  could  steal  into  harbors  without  being  detected 
by  a  line  of  smoke  behind  them.  Under  the  bow  boilers  the  raw  coal  was  used, 
and  in  the  stem  furnaces  the  briquettes  were  used.  The  draft  carried  with  the 
briquettes  was  only  half  that  required  for  the  raw  coal.  The  steam  gauges  on 
the  boilers  in  which  the  raw  coal  was  carried  did  not  get  up  to  full  pressure, 
while  the  boilers  used  with  the  briquettes  were  blowing  off  during  the  entire 
trip  with  the  boat  making  a  speed  of  30  knots.  There  was  a  slight 
trail  of  smoke  with  the  raw  coal,  and  tremendous  volumes  from  the  briquettes 
from  which  no  smoke  was  expected.  The  combustion  took  place  all  the  way 
up  the  stack  and  way  beyond  the  stack.  The  question  was  one  of  impropo* 
combustion  space  for  the  fuel  used. 

If  you  go  into  the  Government  Testing  Laboratory  at  Pittsburgh,  you  will 
find  there  a  combustion  chamber  40  feet  long,  with  a  Murphy  stoker.  They 
bum  there  40,  50,  60  and  65  pounds  of  coal  per  square  foot  of  grate  area  per 
hour  and  get  no  smoke.  Perfect  combustion  is  established  before  the  gases 
reach  the  end  of  the  combustion  chamber.  The  same  thing  can  be  done  dse- 
where.  A  given  coal  can  be  bumed  and  burned  efficiently,  with  proper  settings 
and  proper  furnaces. 

I  am  not  altogether  in  sympathy  with  tr>ang  to  create  too  strongly  the  im- 
pression that  smokeless  combustion  is  a  big  money  saver.  It  is  a  money  sav^ 
indirectly;  for  instance,  in  Cleveland  it  has  been  estimated  that  the  annual 
cost  due  to  incidental  troubles  from  smoke  amounts  to  $12.00  per  capita  or 
about  seven  and  a  half  million  dollars  per  year.  But  then  comes  the  question 
of  whether  a  manufacturing  plant  is  working  more  efficiently  when  it  is  making 
smoke  than  when  it  is  making  no  smoke.  There  are  conditions  under  which 
you  can  run  your  plant  without  smoke,  and  these  are  the  ideal  conditions,  but 
the  average  manufacturing  plant,  as  manufacturing  is  done  today,  is  develop- 
ing much  more  rapidly  than  the  boiler  equipment  and  the  power  plant  itsdf, 
and  the  result  is  that  the  owner  is  tr>dng  to  get  two  or  three  times  the  designed 
capacity  out  of  the  boiler  plant  in  order  to  get  efficient  returns  from  a  manu- 
facturing standpoint.  There  are  two  problems:  One,  efficiency  from  the  opera- 
tion of  the  coal;  anrl  the  other,  efficiency  from  the  standpoint  of  the  manu- 
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facturer.  The  smoke  inspector  may  say  "you  ought  to  «pend  thousands  of 
dollars  to  rebuild  the  power  plant."  As  I  said  before,  I  think,  smoke  elimina- 
tion is  a  25-year  proposition,  and  if  I  were  going  at  the  thing,  I  would  outUne 
something  like  this:  Get  public  sentiment  with  you,  eliminate  politics,  and  ap- 
point a  commission  of  engineers  to  attack  the  whole  problem  from  an  engineer- 
ing standpoint.  I  would  not  fine  everybody  that  makes  smoke  now,  but  would 
frame  laws  in  such  a  way  that  every  new  plant  that  goes  in  and  every  old  plant 
that  is  remodeled  must  be  adapted  to  the  local  coals  which  are  to  be  used.  In 
this  way  the  problem  will  be  gradually  worked  out,  although  it  will  take  years, 
because  there  are  a  great  many  boilers  that  have  just  gone  into  new  plants  and 
a  good  many  plants  that  have  just  been  remodeled. 

Further  than  this,  there  are  very  few  engineers  in  the  country  today  sufiic- 
iently  familiar  with  the  problems  of  combustion  to  enable  them  to  design  with 
guaranteed  success  furnaces  adapted  to  the  wide  variety  of  fuels.  Careful 
researches  and  investigations  are  already  under  way  relating  to  this  subject, 
and  the  time  will  surely  come  when  competent  engineers  can  be  secured  for 
handling  this  particular  part  of  the  problem. 

Mr.  Lukens. — In  reference  to  smoke,  I  would  first  call  your  attention  to  the 
Ordinance  of  Council,  passed  December  9,  1904. 

Two  men  have  been  appointed  at  salaries  of  $1,200.00  per  year.  It  is  their 
duty  to  take  observations  and  report  violations  to  the  office. 

The  offenders  are  informed  of  such  violations  and  are  notified  to  appear  at 
the  office  and  are  instructed  to  make  some  provision  for  eliminating  the  smoke, 
and  after  being  given  sufficient  notice  and  no  provision  has  been  made  for  the 
abatement  of  the  smoke,  legal  action  is  then  taken.  The  Bureau  has  found  it 
necessary  to  take  action  in  104  cases  and  this  has  caused  a  ccmsiderable  reduc- 
tion in  the  smoke  nuisance;  but  during  the  last  anthracite  coal  strike,  many 
manufacturers  were  compelled  to  lay  in  a  considerable  amount  of  the  soft  coal. 
Many  of  these  were  antliracite  coal  users  and  we  have  had  considerable  dif- 
ficulty to  have  them  return  to  the  use  of  anthracite  coal. 

There  have  been  installed  in  the  city:  143  Miu*phy  stokers;  96  Rooney  stok- 
ers; 11  Jones  underfed;  36  Taylor  underfeed;  4  chain  grates;  83  steam  jets  and 
automatic  shaving  feeds. 

There  has  also  been  an  abatement  of  smoke  by  110  plants  returning  to  the 
use  of  anthracite  coal,  thereby  eliminating  many  complaints  of  the  smoke.  The 
complaints  have  not  been  confined  to  the  stationary  plants  as  the  Bureau  re- 
ceives many  complaints  against  the  smoke  from  the  railroads;  and  under  the 
ordinance  of  Councils,  ten  (10)  minutes  are  allowed  for  emitting  smoke  from 
locomotives  when  preparing  fires,  but  does  not  specify  in  what  time  this  10 
minutes  smoke  is  allowed,  which  practically  means  a  continuous  smoke  in  the 
West  Philadelphia  Yards,  where  the  fires  of  300  locomotives  are  prepared  daily, 
causing  a  considerable  amoimt  of  smoke  to  be  emitted.  A  large  number  of 
offenders  are  located  along  the  railroads,  and  when  they  are  compelled  to  make 
provision  for  abatement  and  comply  with  the  law,  they  complain  that  they 
should  be  granted  the  same  privilege  as  the  railroads. 

I  believe  if  we  could  get  the  newspapers  interested  and  public  sentiment 
aroused,  the  smoke  nuisance  could  be  reduced  to  a  minimum;  and  it  is  useless 
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to  pass  an  ordinance  making  it  a  misdemeanor  for  one  line  of  buainess  to  emit 
smoke  and  at  the  same  time  exempt  some  other  form  of  business  i^^ch  may  or 
may  not  be  a  greater  nuisance. 

Mr.  Hartley. — This  subject  is  not  familiar  to  me  just  at  present;  in  fact,  I 
did  not  know  what  the  subject  announced  for  this  evening  was  going  to  be  until 
I  arrived  here,  consequently  I  have  given  it  no  thought.  However,  it  is  a  v^ 
impx>rtant  one  in  connection  with  the  prevalent  reform  spirit  now  extending 
along  sanitary  lines  of  hygienic  improvements.  It  is  also  of  such  scope  as  to 
exclude  the  possibility  of  thoroughly  discussing  in  one  evening  the  many  means 
for  eliminating  the  smoke  nuisance. 

Speaking  from  memory,  I  think  we  had  this  subject  under  discussion  before, 
and  about  the  time  Mr.  John  M.  Hartman  was  championing  a  bill  b^ore  our 
City  Councils — the  object  of  which  was  for  an  Ordinance  looking  to  compulsory 
means  for  abating,  at  least  to  some  extent,  the  smoke  nuisance.  But  unfor- 
tunately by  the  time  the  bill  had  got  through  that  body  it  had  been  so  muti- 
lated as  hardly  to  be  recognizable,  and  what  was  left  of  it  seemed  to  favor  loco- 
motives and  all  low  stacks,  as  the  Ordinance  permitted  the  issuing  of  black 
smoke  from  stacks  of  a  height  covering  that  of  locomotives;  whUe  for  higher 
chimneys  the  color  was  restricted  to  a  light  gray. 

To  come  to  the  principal  cause  of  the  existing  smoke  nuisance  in  this  City, 
apart  from  the  scientific  principles  therein,  lies  simply  in  the  well  known  facts 
of  the  lack  of  boiler  capacity  in  many  of  our  manufacturing  plants,  owing  to 
which  necessitates  heav>'  firing  or  the  forcing  through  the  furnaces*  of  probably 
double  the  quantity  of  fuel  that  can  possibly  be  perfectly  consumed,  in  <»xier  to 
make  up,  as  suppx>8ed,  the  power  deficiency.  In  other  words,  should  perfect 
combustion  of  say  15  pounds  of  soft  coal  be  obtained  per  square  foot  of  grate 
surface  imder  natural  draft,  and  giving  off  a  minimum  amount  of  smoke,  the 
same  result  could  not  be  expected  if  the  amount  of  coal  be  increased,  other  con- 
ditions being  the  same,  consequently  a  voluminous  amount  of  smoke. 

However,  I  notice  a  marked  improvement  in  regard  to  smoke  conditions  over 
former  years,  due  probably  to  more  stringent  measures  and  better  knowledge 
in  regard  to  firing  of  boilers  and  the  general  use  of  butiminous  coal. 
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While  the  Engineering  Profession  is  somewhat  familiar  with 
the  development  in  the  construction  of  reinforced  concrete  build- 
ings by  what  is  known  as  the  *\Unit"  method  of  erecting  a  building 
of  previously  moulded  members,  their  acquaintance  with  the  sub- 
ject has  been  more  or  less  through  isolated  and  experimental  devel- 
opments, and  few  of  them  realize  the  scope  of  application  and  large 
amount  of  work  in  which  these  methods  are  now  being  employed. 

It  is  not  the  object  of  this  paper  to  enter  into  a  long  technical 
discussion  of  the  merits  of  design  of  the  unit  method,  which  some 
of  us  believe  to  be  based  upon  more  rational  and  economical  prin- 
ciples than  commonly  practiced,  but  rather  to  call  attention  to  the 
extent  of  the  development  which  we  believe  will  some  time  culminate 
into  standard  practice  for  typical  reinforced  concrete  building 
construction. 

I  think  it  is  conceded  by  most  engineers  that  our  present  common 
practices  in  reinforced  concrete  construction  are  crude  and  un- 
scientific ; — unscientific  for  the  reason  that  we  are  compelled  to  use 
relatively  large  factors  of  safety  owing  to  the  unreliability  of  the 
quality  of  concrete  which  is  made  in  the  field  and  deposited  in 
forms  under  the  so-called  ''monolithic''  svstem,  and  uneconomical 
on  account  of  the  enormous  waste  in  materials  for  making  forms. 

The  science  of  concrete  construction  is  to  a  certain  extent  passing 
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through  the  same  development  through  which  iron  and  steel  passed 
not  so  many  years  ago.  Much  credit  for  the  present  high  develop- 
ment of  this  science  is  due  to  the  manufacturers,  who  by  perfecting 
processes,  have  given  us  a  product  which  runs  so  uniform  that 
factors  of  safety  of  three  are  common  practice. 

Under  properly  controlled  conditions,  it  has  been  demonstrated 
that  concrete  can  be  made  with  an  ultimate  compressive  strength 
averaging  from  five  to  six  thousand  pounds  per  square  inch  at 
sixty  days  of  age,  yet  under  our  present  practice  in  design  it  is 
quite  uniformly  conceded  that  six  to  seven  hundred  pounds  is 
as  high  a  limit  as  we  are  safe  to  take  as  the  working  stress.  While 
this  seems  like  an  absurd  factor  of  safety  as  compared  with  other 
structural  materials,  the  development  of  the  science  has  been 
fraught  with  too  many  accidents  to  warrant  our  taking  higher 
working  stresses. 

I  think  it  safe  to  say  that  the  majority  of  failures  in  concrete 
construction  are  directly  traceable  to  inferior  concrete,  and  the 
greatest  problem  of  the  engineer  is  how  to  insure  getting  a  mate- 
rial of  proper  quality,  and  strict  adherence  to  design  under  present 
field  methods  of  construction  since  unlike  all  other  structural 
materials  the  members  are  moulded  in  place  and  cannot  be  pre- 
viously tested  or  inspected  until  they  become  an  integral  part  of 
the  building,  after  which  correction  of  defects  is  practically  im- 
possible. 

With  the  constantly  increasing  price  of  lumber,  the  unsatisfac- 
tory results  obtained  by  standard  steel  forms  for  monolithic  con- 
struction, and  the  testimony  of  many  of  our  largest  contractors 
to  the  effect  that  the  cost  of  temporary  forms  for  structural  concrete 
now  averages  from  one-third  to  one-half  of  the  total  cost  of  the 
structure,  it  is  evident  that  there  is  an  opportunity  for  large  econo- 
my in  form  expense. 

These  are  the  two  primary  incentives  which  have  led  to  the 
development  of  the  unit  system  of  concrete  construction  under 
which  the  members  are  separately  moulded  either  in  a  permanent 
or  temporary  factory,  where  practices  can  be  standardized  and  con- 
ditions created  to  insure  a  uniformly  high  grade  concrete,  and  the 
form  expense  reduced  on  account  of  its  being  possible  to  remove 
the  forms  much  quicker  than  they  can  be  in  a  monolithic  structure, 
with  the  consequent  reduction  in  the  number  of  forms  required 
and  thus  the  cost. 
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return  to  a  state  of  stable  equilibrium.  When  the  wind  ceases  the 
water  which  has  accumulated  on  the  lee  shore  falls  below  the  mean 
level  of  the  lake,  while  the  water  at  the  other  end  of  the  lake  rises. 
Thus  a  series  of  rockings  of  the  water  of  the  whole  lake  takes  place, 
the  water  at  either  end  rising  and  falling  alternately  until  a  condi- 
tion of  rest  is  attained  or  until  another  wind  starts  the  movement 
anew.  This  phenomenon  is  the  same  as  may  be  observed  in  a 
basin  of  water  where  the  water  is  disturbed  slightly,  moving  from 
one  side  to  the  other  before  coming  to  rest.  Other  factors  than 
the  \vind  tend  to  produce  these  oscillations  of  water  level,  namely, 
differences  in  barometric  pressure  at  the  two  ends  of  a  lake,  and 
differences*  of  the  temperature  of  the  water.  The  wind,  however, 
is  by  far  the  most  impoitant  element  m  the  problem. 

In  the  Great  Lakes  the  changes  in  level,  due  to  the  seiches,  are 
often  of  considerable  magnitude.  They  were  carefully  studied  in 
Lake  Erie  by  Professor  A.  J.  Henry  of  the  United  States  Weather 
Bureau  in  1900  and  described  in  Bulletin  J  of  the  Weather  Bureau 
Publications.  The  fluctuations  in  the  relative  level  in  the  water 
of  the  level  at  Buffalo  at  the  easterly  end,  and  at  Amherstburg, 
Ont.,  at  the  west  end  of  the  lake,  were  recorded  by  automatic  gauges. 
Diagrams  given  in  the  report  show  that  the  surface  of  this  lake  is 
almost  never  at  rest,  but  constantly  rocks  back  and  forth,  the  av- 
erage time  of  oscillation  being  between  fourteen  and  fifteen  hours. 
These  changes  in  level  frequently  amount  to  several  feet,  and  in 
extreme  cases  to  ten  or  twelve  feet  or  even  more.  Ordinarily,  when 
the  wind  velocity  is  less  than  twenty-five  miles  per  hour,  the  dif- 
ferences in  level  are  not  greater  than  one  or  two  feet. 

The  storm  of  September  12,  1900,  with  a  velocity  of  sixty-five 
miles  an  hour  for  two  hours,  caused  the  water  level  at  Buffalo  to 
rise  about  six  feet  above  its  previous  level,  while  at  Amherstburg 
the  surface  of  the  water  fell  about  two  feet.  Soon  after  the  wind 
fell  below  its  highest  velocity,  the  lake  level  began  to  fall  and  con- 
tinued to  fall  for  nine  hours,  the  amplitude  of  the  oscillation  being 
7'  2"  and  the  time  being  a  little  less  than  sixteen  hours.  Professor 
Henry  states  that  "the  wind  effect  of  this  storm  appears  to  have 
been  much  the  same  as  would  have  been  produced  by  a  quick, 
powerful  blow  on  the  lake  surface.  The  water  of  the  whole  lake 
was  set  in  motion  about  a  nodal  line,  and  continued  to  rock  for 
several  days,  the  amplitude  of  each  oscillation  being  a  little  less 
than  that  of  the  preceding  one. "    Seiches  of  small  amplitude  occur 
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even  when  the  weather  is  not  stormy,  and  in  most  of  the  large 
lakes  minor  fluctuations  occur,  the  level  of  the  lake  rising  and  fall- 
ing a  few  inches  every  ten,  twenty  or  thirty  minutes,  as  the  case 
may  be. 

During  the  smnmer  when  the  lakes  become  thermally  stratified 
with  a  stratum  of  cold  and  relatively  heavy  water  at  the  bottom  and 
warm  lighter  water  at  the  top,  the  seiches  produced  by  the  whid 
in  the  upper  strata  gradually  transfer  their  motion  to  the  heavier 
water  beneath,  so  that  this  also  acquires  an  oscillatory  motion,  the 
amplitude  and  period  of  which  may  be  different  from  that  of  the 
surface  seiche.  These  variable  fluctuations  tend  to  mix  the  water 
of  the  two  strata  in  the  region  of  the  thermocline. 

The  seiches  have  an  important  influence  on  the  undertow  currents 
described  beyond. 

Seiche  movements  may  occur  both  longitudinally  and  trans- 
versely  at  the  same  time,  in  fact,  this  is  probably  the  rule  rath» 
than  the  exception.  The  period  of  the  transverse  seiche  is  shorter 
than  the  other,  so  that  along  the  shore  in  the  middle  of  the  lake 
the  slopes  of  the  water  surface  take  various  directions  according  to 
the  manner  in  which  the  crests  of  the  seiche  movements  coincide 
In  consequence  of  this  diagonal  currents  may  be  set  up  along  the 
shore,  which  change  frequently  in  force  and  direction,  and  ^rfiich 
apparently  bear  but  little  relation  to  the  direction  of  the  wind 
blowing  at  the  time.  This  is  of  particular  importance  in  explaining 
the  nature  of  the  currents  that  occur  after  the  wind  which  pro- 
duced the  seiche  has  ceased. 

Vertical  Currents 

The  water  of  the  Great  Lakes  show,  in  general,  the  same  fluctua- 
tions in  the  temperature  of  the  water  at  the  surface  and  at  depths 
below  the  surface,  as  have  been  so  frequently  observed  in  smaller 
lakes  and  reservoirs.  That  is,  during  the  simmier  the  surface  water 
is  warmed  by  the  sun,  while  the  water  at  the  depths  is  cold  and 
quiescent.  Tlie  wind  stirs  up  the  water  of  the  lake  and  keeps  it 
thoroughly  mixed  for  a  num])or  of  feet  down  from  the  surface.  In 
small  bodies  of  water  the  (lei)th  to  which  this  wind  action  extends 
is  seldom  more  tlian  twenty  or  thirty  feet,  but  in  the  large,  deep 
lakes  it  is  more.  Observations  made  in  Lake  Erie  at  Cleveland, 
in  1904,  show(»d  that  the  lake  water  was  stirred  by  the  simmier 
winds  to  a  depth  of  about  fifty  feet,  while  observations  made  in 
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Lake  Michigan  in  1910  showed  that  the  water  was  stirred  to  a  depth 
of  about  sixty  feet.  Below  the  stratum  within  which  circulation 
takes  place,  the  temperature  of  the  water  changes  rapidly  and  the 
region  where  this  change  occurs  is  known  as  the  thermocline.  Be- 
low the  thermocline  the  bottom  water  in  the  middle  of  the  lakes 
probably  remains  relatively  quiescent  for  long  periods,  but  for  sev- 
eral miles  out  from  the  shore  the  lower  strata  move  in  and  out  and 
are  seldom  at  rest. 

The  temperature  of  the  water  at  the  bottom  of  the  Great  Lakes 
during  the  period  of  summer  stagnation  is  practically  that  of  maxi- 
mum density,  i.  e.,  39.2°  F.  The  author  once  measured  the  tem- 
perature at  the  bottom  of  Lake  Champlain  (396  feet)  in  Jime  and 
found  it  to  be  39.3**.  Comparatively  few  observations  of  the  tem- 
perature of  the  water  at  the  bottom  of  the  Great  Lakes  have  been 
made,  but  they  substantiate  this  statement.  Recently  observa- 
tions in  Lake  Ontario  near  Rochester  have  shown  that  water  of 
maximum  density  came  within  a  mile  and  a  half  of  the  shore  at  a 
depth  of  forty  feet. 

During  the  winter  the  surface  water  is  colder  than  the  bottom 
water.  The  latter  maintains  its  temperature  at  about  maximum 
density  throughout  the  year. 

During  the  spring,  as  well  as  during  the  fall,  there  is  a  period 
when  the  water  has  an  opportunity  to  circulate  from  top  to  bottom. 
In  very  large  lakes  this  period  is  short,  and  whether  circulation 
actually  extends  to  the  bottom  is  not  known. 

Besides  the  vertical  circulation  produced  by  the  natural  heating 
and  cooling  of  the  smface  water  and  the  action  of  the  wind 
vertical  circulation  may  also  take  place  near  the  shore,  due  to  the 
inflow  of  river  water  or  sewage  of  a  different  temperature  from  the 
water  of  the  lake.  This  sometimes  has  an  important  effect  upon 
the  manner  in  which  these  inflowing  streams  mix  with  the  lake 
water. 

Thermal  stratification  of  the  water  in  small  lakes,  has  an  im- 
portant effect  upon  the  depth  of  the  return  currents  above  referred 
to,  causing  the  back  flow  to  take  place  above  the  layer  of  stagnant 
water.  But  in  the  Great  Lakes  the  thermocline  marks  the  dividing 
line  between  the  upper  and  lower  currents  moving  in  opposite  direc- 
tions. It  is  an  unstable  thermocline  and  does  not  necessarily  imply 
stagnation. 
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Local  Wind  Currents. 

From  the  standpoint  of  the  pollution  of  water  supplies,  the  most 
important  currents  that  take  place  in  the  lakes  are  the  local  cur- 
rents produced  by  the  movement  of  the  wind  from  day  to  day.  As 
the  wind  blows  over  the  lake  surface  currents  of  the  "water  are  in- 
duced by  it,  and  as  the  wind  changes,  these  currents  also  change. 
Observations  that  have  been  made  in  Lake  EJrie,  notably  by  Walter 
P.  Rice,  at  Cleveland,  in  1890,  and  by  the  Cleveland  Water  Depart- 
ment, in  1895,  indicate  that  there  is  a  fairly  close  relation  between 
the  wind  movement  and  the  movement  of  the  surface  water;  tbe 
travel  of  the  surface  water  being  commonly  from  4  to  6%  of  tbe 
wind  movement  and  averaging  about  5%.  The  movement  of  the 
water  is  less  at  depths  below  the  surface,  decreasing  with  the  depth 
and  presimiably  becoming  zero  at  the  neutral  line,  which  recent 
studies  in  Lake  Ontario  have  shown  to  be  at  mid-depth  near  tbe 
shore.  Observations  made  in  Owasco  Lake,  near  Auburn,  N.  Y., 
in  1911,  by  Mr.  J.  Walter  Ackerman  and  the  author,  showed  that 
the  percentage  which  the  travel  of  the  surface  water  was  of  the  wind 
movement  varied  with  the  velocity  of  the  wind,  bein^  3.2%  "wim 
the  wind  velocity  was  five  miles  per  hour,  but  only  1.2%  when  the 
velocity  was  thirty  miles  per  hour.  These  observations  were,  how- 
ever, made  in  a  lake  of  relatively  small  size. 

The  velocities  induced  by  the  wind  are  greater  on  the  lee  shore 
than  on  the  weather  shore. 

In  order  to  illustrate  the  effect  of  these  local  currents  induced 
by  the  wind,  let  it  he  assumed  that  the  wind  has  been  blowing  off 
shore  for  ten  liours  at  the  rate  of  twenty  miles  per  hour  in  such  a 
direction  as  to  cause  the  water  to  flow  from  the  sewer  outfall  towards 
the  water  supply  intake,  and  let  it  be  assumed  fiuther  that  the 
velocity  of  the  surface  water  during  this  period  was  3%  of  the  wind 
movement.  The  surface  water  would,  therefore,  be  carried  six 
miles  from  the  shore  during  the  ten-hour  period,  a  distance  more 
than  sufficient  to  carr>'  it  to  the  longest  intake  now  in  use. 

In  addition  to  the  velocity  of  the  surface  water  induced  by  the 
wind,  it  is  important  to  know  also  the  angle  of  disp>ersion.  An 
attempt  was  made  to  measure  this  at  Cleveland,  in  1905.  A  group 
of  floats  was  set  adrift  in  Lake  Erie,  at  a  time  when  the  wind  was 
blowing  at  the  rate  of  thirteen  miles  per  hour,  and  the  position  of 
each  float  observed  for  several  hours.  In  one  experiment  after  the 
floats  had  traveled  2,500  feet,  which  was  4.7%  of  the  wind  move- 
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ment,  they  had  spread  through  an  angle  of  about  5^.  In  other 
experiments  with  higher  wind  velocities,  the  angle  of  dispersion  was 
slightly  less.  At  the  present  time  no  data  exist  showing  the  rela- 
tion between  wind  velocity  and  the  angle  of  dispersion.  It  varies 
widely  according  to  the  veering  of  the  wind  and  may  be  as  high  as 
30°  or  60*^  more.  After  several  days  of  variable  winds  the  fan  of 
polluted  water  may  spread  over  a  semi-drde. 

Undertow  Currbnts. 

When  the  wind  blows  strongly  towards  a  lee  shore  the  raised 
water  level  that  results  causes  an  outward  current  of  the  water 
beneath  the  surface.  This  phenomenon  has  long  been  familiar  to 
fishermen  and  bathers.  It  has  not  been  fully  realized,  however, 
that  the  undertow  currents  sometimes  extend  for  several  miles  into 
the  lake  and  well  beyond  the  ordinary  water  supply  intakes.  As  a 
result  shore  water  is  carried  outward  and  sewage  contaminated 
water  periodically  enters  the  intake,  and  is  pimiped  into  the  city 
mains.  The  best  evidence  of  these  undertow  currents  is  obtained 
by  a  study  of  the  temperature  of  the  water  at  different  depths,  at 
different  distances  from  the  shore  and  of  the  temperature  of  the 
water  drawn  from  the  intakes. 

Daily  observations  of  the  temperature  of  the  water  at  Milwaukee 
and  elsewhere  during  the  summer  have  shown  very  great  changes 
in  the  course  of  a  few  days.  Thus  at  Milwaukee,  the  temperature 
of  the  water  at  the  pumping  was  68**  on  July  20,  1910;  on  July  23, 
it  was  62®;  and  on  July  27th,  62®.  At  Rochester,  even  more  sudden 
changes  have  been  noticed.  For  example,  on  August  8,  1912,  the 
temperature  of  the  water  at  the  bottom  of  the  lake  at  a  point  6,000 
feet  from  the  shore,  where  the  depth  was  forty  feet,  the  temperature 
fell  from  59°  to  42®  in  eight  hours,  the  surface  temperature  mean- 
while remaining  about  64®.  Two  days  previous,  at  the  same  dis- 
tance from  the  shore,  the  temperature  of  the  water  had  been  63® 
at  ail  depths.  The  drop  in  temperature  followed  a  sudden  change 
in  the  direction  of  the  wind  from  on-shore  to  off-shore. 

The  data  now  at  hand  indicate  that  the  dividing  line  between 
the  incoming  and  outgoing  water  lies  at  about  mid  depth. 

When  the  warm  surface  water  is  blown  away  from  the  shore  and 
cold  water  flows  landward  near  the  bottom,  not  all  of  the  bottom 
water  flows  in  as  far  as  the  shore  line.  Some  of  it  becomes  mixed 
with  the  upper  strata  and  returns  to  the  lake  before  it  reaches  the 


70    Whipple — Sanitary  Protection  of  Walter  from  the  Oreai  Lakes. 

shore  line.    The  extent  to  which  this  off-shore  mixing  takes  {dsee 
has  not  yet  been  determined  by  adequate  studies. 

The  undertow  currents  are  of  great  importance  in  connectioii  with 
the  dispersion  of  sewage.  During  the  summer  season  the  tempenr 
ture  of  the  sewage  will  be  ordinarily  not  far  from  that  of  the  surface 
water  of  the  lakes.  If  the  sewage  is  discharged  at  the  bottom  of 
a  lake  at  a  considerable  distance  from  the  shore,  it  is  obvious  thit 
when  the  cold,  deep  water  is  flowing  shorewardi  the  sewage  will  be 
warmer  and  lighter  than  the  water  into  which  it  is  discharged,  llie 
sewage  will,  therefore,  tend  to  rise  into  the  upper  strata  and  be  car- 
ried away  from  the  shore  by  the  outward  surface  current.  Wbcn 
the  warm  shore  water  is  going  out  at  the  bottom  the  sewage  wiD 
enter  water  of  approximately  its  own  temperature  and  will  ha^ 
less  tendency  to  rise  and  will  be  carried  away  from  the  shore  by  the 
outward  bottom  current.  Thus  during  the  sunmier  the  ^10T^ 
ments  of  the  wind,  whether  towards  or  away  from  the  shcwe,  tend 
at  most  times  to  carry  the  sewage  away  from  the  shore  rather  than 
towards  it. 

Effect  of  BreakwatebsI 

When  sewage  is  discharged  back  of  a  breakwater  or  a  natural 
bar  off  the  shore,  the  water  back  of  it  is  protected  from  the  unde^ 
tow  currents.  An  on-shore  wind  causes  the  sewage  to  be  held  back 
of  the  breakwater,  while  the  lake  water  blown  towards  the  shore 
turns  at  the  obstruction  and  flows  do\\Tiward  and  outward.  On 
the  cessation  of  the  wind,  or  its  change  to  the  opposite  directiofo, 
the  over-polluted  water  back  of  the  breakwater  flows  out  as  a  sur- 
face current  and  thus  gives  use  to  streaks  of  polluted  water  that 
may  extend  far  into  the  lake. 

A  somewhat  similar  phenomenon  is  when  streams  discharge  into 
a  lake  through  wide  channels  of  low  slope.  In  these  there  is  a 
similar  checking  of  the  current  followed  by  a  subsequent  increased 
discharge. 

Lake  Pollution. 

The  principal  sources  of  pollution  of  the  lake  water  supplies  arc, 
first,  sewage  discharged  directly  into  the  lake  along  the  water  front 
Second,  sewage  discharged  into  streams  that  flow  into  the  lake. 
Third,  sewage  polluted  mud  dredged  from  rivers  and  harbors  and 
dumped  into  the  lake.  Fourth,  sewage  sludge  transported  by  ice 
from  the  shore  outward.  Fifth,  fecal  matter  discharged  into  the 
lake  from  boats. 
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The  danger  of  pollution  of  the  water  supply  m  any  case  depends 
upon  the  opportunities  afforded  for  the  conuningling  of  the  sewage 
with  the  water  before  it  reaches  the  intake,  and  upon  the  natural 
purification  that  takes  place  in  the  lake. 

Dispersion  of  Sewage  in  Lake  Waters. 

When  sewage  is  discharged  into  a  lake  it  mingles  with  the  water 
and  gradually  becomes  dispersed  through  it,  the  nature  and  extent 
of  the  dispersion  being  dependent  upon  the  local  currents  induced 
by  the  wind.  It  is  impossible  to  calculate  exactly  the  dilution  of 
the  sewage  at  different  distances  from  the  sources  of  pollution,  for 
there  are  too  many  unknown  factors,  but  computations  based  on 
arbitrary  assumptions  are  sometimes  found  useful  in  showing  ap- 
proximately the  dilution  that  may  be  expected  under  different 
conditions. 

For  example,  suppose  that  sewage  is  being  discharged  at  a  point 
off  shore  and  is  dispersed  through  a  sector  that  has  an  angle  $;  and 
suppose,  for  purposes  of  calculation,  that  the  sewage  mixes  through 
the  entire  depth  and  that  this  depth  is  constant.  Let  Q  stand  for 
the  quantity  of  sewage  discharged  in  time  t,  let  r  =  the  distance 
traveled  by  the  water,  under  the  influence  of  the  wind  in  the  same 
time,  i.  e.  let  r  be  the  radius  of  the  sector;  and  let  d  be  the  depth. 
If  D  represents  the  dilution,  then 

IT  r«  d.       » 


After  time  t  Dt  = 


After  time  2  t  D  = 


Q         360 

Sirr'd     J_ 
Q         360 


Ar*     *•         ^            T\«.         (2n.l)trr»d       6 
After  tune  nt  D^t  =  ^^ ^ -—. 

To  apply  this  to  a  practical  case,  suppose  that  sewage  is  being 
discharged  at  the  rate  of  25  million  gallons  per  day;  that  the  depth 
of  water  is  fifty  feet;  that  the  wind  movement  is  100  miles  per  day 
and  the  water  travel  5%  of  this,  or  five  miles  per  day;  that  the 
angle  of  dispersion  is  6°;  and  that  t  is  one  minute.  Then  Q  == 
2320  cubic  feet  per  minute  and  r  =  18.3  feet  per  minute. 

j,„,  .  (2m-l)x3.1416xl8.3'x50      _5_  =  .315  (2N-1) 

Suppose  that  the  sewage  contains  1,000,000  bacteria  per  cc.  and  the 
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water  none.    Then  for  different  distances  from  the  point  of  dis- 
charge the  water  would  contain  the  following  niunbers  of  bactem: 


R 


N 


D 


Bacteria    Per  or. 


100  feet 

500 

1000 

2000 

3000 

ti 

4000 

5000 

6000 

7000 

10000 

15000 

20000 

5.46 

27.3 

54.6 

109.2 

163.8 

218.4 

273.0 

327.6 

382.2 

546.0 

819.0 

1092.0 


3.13 

320,000 

16.80 

59,600 

34.1 

29,300 

68.4 

14,600 

103.0 

9,700 

137.2 

7,300 

171.5 

5,900 

203.0 

4,900 

241.0 

4,200 

344.0 

2,900 

516.0 

1,900 

669.0 

1,500 

For  different  angles  of  dispersion  the  following  numbers  of  bac- 
teria would  be  found  at  different  distances  from  the  point  of  dis- 
charge: 


Distance  From  Point 

XiJMBER  OP  Bacteria  Per 

cu. 

OP  Discharge  in  Feet. 

5° 

lO'* 

30'' 

60** 

100 

320.000 

160,000 

53,000 

27,000 

500 

59,600 

29,800 

10,000 

5,000 

1,000 

29,300 

14,700 

4,900 

2,900 

2,000 

14.600 

7,300 

2,400 

1,200 

3,000 

0,700      ;         4,800      j         1,600 

800 

4,000 

7,300      1         3,700      '         1,200 

600 

5,000 

5,900     j         3.000              1,000 

500 

10,000 

2,900               1,500      '            480 

240 

15,000 

1,900     1            950      1            320 

160 

20,000 

1,500      1            750      ;            250 

125 

Natural  Agencies  of  Purification  in  Lake  Waters. 

In  addition  to  the  very  great  and  rapid  dispersion  of  sewage  in 
the  water  of  the  Great  Lakes,  various  other  agencies  tend  to  bring 
about  its  natural  purification. 

Sedimentation  is  a  potent  factor.  Compared  with  streams  the 
velocities  of  the  water  in  the  lakes  are  low,  so  that,  except  near  the 
shore,  the  susi)ended  matter  settles  to  the  bottom,  leaving  the  upper 
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broad  waters  of  the  lake  very  clear.  Sedimentation  must  always 
be  considered,  however,  with  reference  to  subsequent  disturbances 
of  the  settled  solids  by  currents.  During  long  periods  of  quiescence, 
pathogenic  bacteria  are  liable  to  natural  death  in  an  unfavorable 
environment. 

According  to  the  best  available  information,  the  germs  of  typhoid 
fever  do  not  multiply  in  the  waters  of  the  lake,  but  rather  disappear 
at  rates  that  vary  according  to  different  conditions.  Using  ap- 
proximate figures  for  the  sake  of  illustration  it  may  be  said  that 
after  a  week  ninety  per  cent,  of  any  typhoid  fever  germs  that  may 
enter  one  of  the  lakes  will  have  died,  and  after  a  month,  ninety- 
nine  per  cent.  How  long  the  most  resistant  germs  can  survive  is 
quite  unknown.  A  small  niunber,  sometimes  termed  the  "resistant 
minority,"  doubtless  remain  alive  for  several  months.  They  are 
able  to  live  longer  in  cold  water  than  in  warm  water,  a  fact  that 
Houston  has  recently  demonstrated  by  some  interesting  experi- 
ments. 

Sunlight  exerts  a  powerful  germicidal  action  on  the  bacteria  in 
the  layers  of  water  near  the  surface,  but  even  in  the  waters  of  a 
clear  lake  the  sun's  rays  rapidly  lose  their  energy  below  the  surface 
so  that  disinfection  by  sunlight  is  not  a  factor  at  depths  greater 
than  a  few  feet. 

Very  important,  however,  is  the  action  of  the  microscopic  organ- 
isms found  in  the  waters  of  all  the  lakes  and  that  comprise  the 
"plankton."  The  biological  cycle  is  wondrously  complete.  Par- 
ticles of  sewage  solids  are  decomposed  by  bacteria;  bacteria  are 
consumed  by  the  protozoa;  protozoa  are  consumed  by  rotifers  and 
Crustacea  and  the  latter  are  eaten  by  fish.  Also  the  products  of 
bacterial  action  on  the  dispersed  sewage,  such  as  nitrates  and  car- 
bonic acid,  furnish  food  for  the  algae,  such  as  floating  diatoms  and 
various  chlorophyceae,  and  these  in  turn  furnish  food  for  the  Crus- 
tacea and  larger  organisms. 

The  oxygen  resources  in  the  Great  Liakes  are  so  enormous  that 
except  very  near  to  the  sources  of  pollution  the  lake  water  is  sat- 
urated with  dissolved  oxygen.  The  complete  destruction  of  the 
organic  matter  of  the  sewage  by  oxidation  is,  therefore,  the  ultimate 
fate  of  all  sewage  matters  that  enter  the  lakes. 

Observed    Contamination    op   Lake   Water   by   Sewage. 
Systematic    anal3rses    of    the    lake    water    in    the    vicinity  of 
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Milwaukee;  Chicago,  Cleveland,  Toronto  and  Rochester  have 
given  results  not  inconsistent  with  computation  similar  to  the  pie- 
ceding.  In  general;  they  have  shown  that  the  dilution  of  sewage 
discharged  into  the  lakes  is  ordinarily  very  great.  It  is,  however, 
very  variable  and  under  certain  conditions  that  occur  several  tima 
each  year,  the  sewage  is  projected  through  the  lake  water  for  several 
miles  with  relatively  Uttle  dilution.  When  the  path  of  this  sewage 
stream  lies  in  a  direction  from  the  sewer  outfall  to  the  water  worb 
intake,  contamination  of  the  water  supply  may  and  does  occur. 

The  analyses  that  have  proved  most  serviceable  in  the  study 
of  this  problem  are  the  following:  (1)  Nmnber  bacteria  per  ce. 
(2)  Test  for  B.  coU.     (3)  Turbidity.     (4)  Odor.  (5)  Chlorine. 

The  relative  sensitiveness  of  these  determinations  varies  accord- 
ing to  the  nature  of  the  sewage.  Ordinarily,  the  bacterial  tests  are 
the  most  sensitive,  but  not  infrequently  the  simple  odor  test  is 
equally  satisfactory. 

As  an  illustration  of  the  observed  contamination  of  lake  water 
by  sewage,  mention  may  be  here  made  of  the  studies  conducted  by 
the  Milwaukee  Sewerage  Commission  during  the  summer  of  1910. 

The  sewage  of  Milwaukee,  which  then  amounted  to  about  60 
million  gallons  per  day,  is  practically  all  discharged  into  the  lake 
at  the  mouth  of  the  Milwaukee  River.  Thence  it  spreads  outward 
through  the  lake  water  and  covers  a  fan-shaped  area,  bec^oming 
diluted  as  it  leaves  the  shore.  The  water  at  the  mouth  of  the 
river  was  found  to  contain  very  large  nimibers  of  bacteria,  the  av- 
erage being  1,268,000  per  cc,  the  minimimi  525,000,  and  the  maxi- 
mum 2,600,000  per  cc.  The  following  figures  show  the  observed 
numbers  of  bacteria  at  different  distances  from  the  shore  along  a 
line  extending  outward  into  the  lake  from  the  river  mouth. 

Average  Number  of  Bacteria  in  Lake  Michigan   Water  at 

Different  Distances  from  the  Shore  Opposite  the 

Mouth  of  the  Milwaukee  River 

Location.  Bacteria  Per  c,c. 

Mouth  of  River 1,268,000 

1  Mile  East  of    River  Mouth 207,000 

2  Miles    "    "        "  *'      2,000 

3  "       "     "        "  "      070 

4  •"  "        "  "       226 

5  "       "    "        **  "      45 
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The  water  supply  intake  is  about  3.5  miles  in  a  straight  line 
northeast  of  the  river  mouth.  Here  the  average  number  of  bac- 
teria was  1,182  per  cc.  at  the  surface  and  693  per  cc.  at  the  bottom, 
the  largest  numbers  being  3,720  at  the  siurface  and  1,600  at  the 
bottom,  and  the  smallest  niunbers  being  twenty  at  the  surface  and 
fifty  at  the  bottom.  Generally  speaking,  the  bacteria  were  higher 
at  the  surface  than  at  the  bottom,  but  sometimes  the  opposite  was 
the  case. 

The  observations  of  the  Commission  covered  samples  of  water 
collected  at  intervals  of  one  mile  along  a  series  of  lines  one  mile 
apart  from  the  shore  outwards  for  three  or  four  miles.  Several 
series  of  samples  were  collected  with  the  wind  blowing  in  different 
directions.  The  results  showed  what  would  be  naturally  expected 
that  the  greatiest  amount  of  pollution  could  be  traced  in  the  direc- 
tion towards  which  the  wind  was  blowing.  At  times  the  axis  of 
greatest  pollution  extended  in  a  northeasterly  direction  towards 
and  beyond  the  intake.  At  other  times  the  course  of  the  sewage 
was  southerly. 

Tests  for  B.  coli  were  made  on  all  of  the  samples  of  water  col- 
lected, and  estimates  made  of  the  average  number  present  at  each 
station.  Thus  at  the  mouth  of  the  river  the  estimated  average 
number  of  B.  coli  was  .847  per  cc.  The  numbers  decreased  outward 
from  the  shore,  imtil  at  a  point  five  miles  from  the  shore  the  water 
contained  less  than  one  B.  coli  per  cc.  At  the  intake  of  the  water 
works,  the  nimiber  was  2.1  per  cc.  at  the  surface  and  0.4  per  cc.at 
the  bottom. 

A  study  of  the  B.  coli  tests  showed  in  a  striking  way  the  eflfect 
of  the  on-shore  winds  in  causing  the  polluted  water  to  pass  out 
into  the  lake  at  the  bottom  and  the  effect  of  the  off-shore  winds  in 
causing  it  to  spread  out  over  the  surface.  Thus,  taking  all  of  the 
samples  collected  at  points  more  than  a  mile  away  from  the  shore, 
it  was  found  that  when  the  wind  was  blowing  towards  the  shore 
the  bottom  water  contained  four  times  as  many  B.  coli  as  the  sur- 
face water,  but  that  when  the  wind  was  blowing  off  shore  the  sur- 
face water  contained  eight  times  as  many  B.  coli  as  the  bottom 
water. 

The  effect  of  the  sewage  of  the  city  on  the  bacterial  character  of 
the  water  at  the  intake  and  the  variations  from  day  to  day  are 
shown  by  the  following  daily  analyses: 
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Date 

Hour 
P.  M. 

Temperature 
Fahr. 

Turbidity 

Color 

Odori 

Ghlob- 

INS 

Bac- 

TKXIA 

Pk»  oe 

Test  ^oi 
B.Cou. 

1910 

O.l>1.0:10. 

oc  lec   oc 

Sep.  21 

4:60 

67.8 

2 

2 

Iv 

4.0 

2CMI0 

0     1+    1+ 

22 

3:55 

58.0 

2 

3 

Iv 

4.2 

1600 

0      i+    .+ 

23 

4:05 

58.3 

6 

9 

2v 

4.0 

1270 

+  '+  '+ 

24 

4:10 

58.1 

14 

4 

iv 

4.5 

1310 

+   +  + 

25 

5:00 

57.9 

6 

2 

Iv 

4.2 

1270 

+    1+     r 

26 

4:45 

58.0 

12 

7 

3d 

4.2 

1940 

4-     +    '+ 

27 

3:55 

57.9 

4 

2 

2m 

4.0 

2005     +     +    ,+ 

28 

2:50 

57.8 

7 

4 

2v 

4.0 

1820 

+    i-h    '+ 

20 

4:25 

57.8 

4 

3 

Iv 

4.0 

17flO 

+    1+    1+ 

30 

4:10 

57.0 

•    • 

•   • 

•   • 

•   •   ■ 

llOO    O      ;0      i- 

1        1 

Oct.     1 
2 
3 

4:20 

57.1 

5 

4 

Iv 

4.2 

3000     +     +     + 

•    •    • 

4K)0 

•    •   •    • 

53.2 

•   • 

6 

•   • 

2 

•  • 

Iv 

•   •   • 

4.0 

2300     +      +    '+ 

4 

3:30 

52.5 

6 

3 

Iv 

4.8 

WO     +      +     + 

5 

1:58 

47.0 

4 

4 

Iv 

4.2 

1250     4-     4-    > 

1 

6 

3:50 

56.5 

10 

4 

2m 

•   •   • 

3500   lO     1+     + 

7 

4:40 

56.0 

7 

2 

2v 

4.0 

825    0      ,+     + 

8 

4:00 

53.7 

6 

2 

iv 

4.2 

1316    0       -f     + 

10 

4:30 

55.3 

5 

2 

Iv 

4.2 

1250   1+     '+     + 

11 

2:10 

46.4 

6 

2 

Iv 

4.0 

500    |0      1+    '+ 

1 

12 

3:40 

53.4 

20 

4 

Iv 

4.0 

1        ' 
900   ,0     1+     + 

13 

11:35* 

54.3 

15 

4 

Iv 

4.0 

870   'o      '+      + 

14 

3:00 

53.5 

10 

3 

Iv 

4.0 

345    0      '+      + 

15 

5:20 

54.8 

4 

2 

Iv 

4.5 

330    0      {-h      -J- 

17 

2:40 

54.9 

5 

5 

Iv 

4.0 

590O   1+     ,-h      + 

18,  4:45 

54.7 

3 

3 

2v 

4.2 

800   iO       +      4- 

1912:05 

54.1 

6 

3 

iv 

4.2 

120O    0      '+      -h 

20'  4:20 

,            54 . 5 

15 

4 

2m 

4.0 

1215   [o      .,-h      + 

21'  3:55 

54  0 

10 

3 

2v 

4.0 

680    0 

0      -J- 

22    3:45 

1            53 . 3 

20 

5 

2v 

4  0 

1950    0 

+     + 

24    2:25 

53 . 0 

8 

3 

iv 

4.0 

2750   l-H 

-H     1+ 

25    3:35 

53.3 

!        ^2 

2 

1     Im 

4.5 

1025    0 

-h       ;-»- 

»  Iv — very  faint  vegetable;  2v — faint  vegetable;  2ra — faint  moldy;  3d — dlsUnct,  dis- 
agreeable. 

Contaminated  Lake  Water  Supplies  and  the  Public  Health. 

Stronger  proof  than  that  furnished  by  analj'sis  is  the  effect  of 
the  use  of  contaminated  water  on  the  pubHc  health  measured  by 
vital  statistics.  A  verj'^  complete  study  of  the  death-rates  from 
typhoid  fever  and  other  diarrhoeal  diseases  in  the  cities  that  take 
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their  water  supplies  from  the  Great  Lakes  has  been  recently  pub- 
lished by  Dr.  Allan  J.  McLaughlin,  in  the  form  of  two  bulletins 
(Nos.  77  and  83  of  the  Hygienic  Laboratory  of  the  Public  Health 
and  Marine  Hospital  Service  of  the  United  States)  entitled  "Sewage 
Pollution  of  Interstate  and  International  Waters  with  Special 
Reference  to  the  Spread  of  Typhoid  Fever."  These  reports  de- 
scribe the  water  supply  and  sewerage  conditions  in  each  of  the  lake 
cities  and  give  tables  of  vital  statistics  compiled  from  local  soiu-ces 
and  from  data  gathered  by  the  United  States  Census  Bureau.  The 
statistics  are  illustrated  by  many  diagrams. 

The  case  made  out  against  the  lake  cities  that  do  not  filter  their 
water  supplies  is  a  strong  one.  The  typhoid  fever  death  rates  are 
shown  to  be  very  high  as  compared  with  European  cities  and  with 
the  cities  of  the  United  States  that  have  safe  water  supplies.  As 
an  illustration  of  these  high  rates,  the  following  table,  compiled 
from  the  United  States  Census  reports,  is  here  presented: 
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Dr.  McLaughlin  points  out  that  in  the  lake  cities  that  use  un- 
filtered  water  the  typhoid  fever  death  rate  is  exceptionally  high 
during  the  winter  season,  thus  affording  additional  evidence  that 
this  disease  is  more  often  transmitted  by  cold  water  than  by  warm 
water.  He  also  shows  that  intestinal  diseases  classed  as  diarrhoea 
and  enteritis,  and  infantile  diseases  are  exceptionally  prevalent  in 
the  lake  cities  that  use  unfiltered  water  and  they  too  are  liable  to 
occur  in  the  winter  under  the  name  "winter  cholera." 

In  view  of  the  completeness  and  accessibility  of  his  reports,  it  is 
unnecessary  to  discuss  this  subject  in  detail. 

Water  Supply  Intakes. 

The  lakes  are  the  natural  sources  of  water  supply  of  the  cities 
and  towns  near  them,  and  in  some  instances  they  are  the  only  pos- 
sible sources.  The  land  around  the  lakes  is  generally  flat  and  no 
upland  gravity  suppUes  are  obtainable.  A  few  places,  like  Toledo, 
are  supplied  with  water  pumped  from  streams  entering  the  lakes, 
but  in  most  instances  water  of  better  quality  and  of  unlimited 
volmne  is  found  in  the  lakes  themselves.  The  fact  that  the  supply 
is  imlimited,  or  rather  is  limited  only  by  the  capacity  of  the  pumps 
installed,  seems  to  have  encouraged  a  lavish  use  and  waste  of  water, 
for  we  find  that  the  per  capita  consumption  of  water  in  the  lake 
cities  has  been  high.  The  fact  that  the  water  is  relatively  cool  in 
summer  has,  in  some  cases,  developed  a  unique  use  of  the  water 
supply  for  cooling  purposes.  In  recent  years  a  number  of  imsuc- 
cessful  attempts  have  been  made  to  cut  down  the  consumption. 

The  broad  waters  of  the  lake  cannot  be  used  for  water  supplies 
as  it  is  not  practicable  to  extend  intake  pipes  or  tunnels  to  points 
where  the  depth  of  water  much  exceeds  75  feet.  The  longest  in- 
take in  use  is  that  at  Cleveland,  which  is  26,000  feet  long  and  the 
end  of  which  is  about  four  miles  from  the  shore.  The  Chicago 
intakes  are  from  two  to  four  miles  long.  The  intakes  at  Milwaukee, 
Gary  and  Oswego  are  about  a  mile  and  a  half  long.  There  are 
several  intakes  about  a  mile  long,  namely,  those  at  Bay  City,  Ash- 
land, Kanawha,  Sheboygan,  Evanstown,  Racine  and  Erie.  Many 
of  the  intakes  are  shorter  than  this  extending  from  1,000  to  3,000 
feet  from  the  shore,  and  in  some  cases  they  are  less  than  1,000  feet. 

Comparatively  few  intakes  are  located  in  water  more  than  50 
feet  deep.  One  of  the  deepest  is  that  at  Duluth,  where  the  water 
is  75  feet  deep  and  the  openings  in  the  crib  60  feet  below  the  sur- 
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face  of  the  water.  The  Toronto  intake  extends  into  water  68  feet 
deep,  and  it  is  proposed  to  extend  it  to  water  100  feet  deep.  Os- 
wego is  constructing  an  intake  in  83  feet  of  water.  The  Milwaukee 
intake  is  in  60  feet  of  water  and  the  Chicago  intakes  are  in  fnHn 
27  to  40  feet  of  water. 

The  attempt  seems  to  have  been  made  in  every  case  to  extend 
the  intake  far  enough  to  obtain  relatively  clear  water  and  avoid 
pollution  of  the  intake  from  local  sewers.  How  inadequately  the 
latter  has  been  accomplished  is  shown  by  the  typhoid  fever  sta- 
tistics elsewhere  quoted.  Other  considerations  have  been  to  have 
the  intake  in  water  deep  enough  to  avoid  a  packing  of  the  ice  around 
the  crib  in  the  winter  and  to  avoid  the  silting  and  clogging  of  the  in- 
take and  pipe  through  movements  of  the  sand.  It  has  ordinarily 
been  foimd  desirable  to  have  a  depth  of  20  or  30  feet. 

The  intakes  at  Cleveland  and  Chicago  terminate  in  masonry  cribs 
that  extend  above  the  water  and  are  surmounted  by  light-houses. 
These  cribs  have  entry  ports  at  different  depths.  More  often  the 
intake  pipes  terminate  in  a  submerged  crib,  or  the  pipe  is  merely 
turned  up  and  supported  by  loose  rock.  Cast  iron  pipe  has  been 
largely  used  in  the  past,  but  steel  is  gradually  taking  its  place. 
Tunnels  are  used  at  Chicago,  Cleveland  and  elsewhere.' 

Many  breaks  have  occurred  in  the  lake  intakes  and  a  recital  of 
the  accidents  would  be  interesting.  In  several  notable  instances, 
as  at  Toronto,  these  accidents  have  permitted  polluted  shore  water 
to  enter  the  pipes  and  outbreaks  of  disease  have  followed. 

Methods  of  Protecting  Lake  Water  Supplies. 

The  evidence  is  conclusive  that  natural  methods  of  purification 
cannot  be  depended  upon  to  protect  the  sanitary  quality  of  the 
water  supplies  taken  from  the  Great  Lakes.  Practically  every 
city,  whether  great  or  small,  that  has  depended  solely  upon  the  pro- 
tection afforded  by  dilution  and  a  supposedly  remote  location  of 
the  intake  from  the  sewers  has  suffered  from  water  borne  diseases. 
As  a  rule,  the  smaller  cities  have  suffered  more  than  the  large  cities 
as  their  water  supply  intakes  and  sewer  outfalls  are  nearer  together. 
The  visitations  of  typhoid  fever  have  often  been  intermittent,  and 
their  failure  to  occur  at  regular  seasons  engenders  a  false  sense  of 
security;  but  sooner  or  later,  when  the  necessary  combination  of 
currents  and  infection  occurs,  every  lake  city  that  fails  to  protect 
its  water  supply  is  boimd  to  suffer  from  water-borne  diseases. 
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Various  expedients  have  been  used  at  different  times  and  at  dif- 
ferent places.  At  Chicago^  after  it  became  certain  that  its  water 
supplies  were  subject  to  sewage  pollution  in  different  degrees  ac- 
cording to  the  weather  conditions  the  Health  Department  of  the 
city  inaugurated  the  policy  of  making  daily  analyses  and  issuing 
notices  of  the  condition  of  the  water  in  the  daily  papers^  warning 
the  people  to  boil  the  water  or  to  cease  using  it  t(a  drinking  in  case 
the  analysis  was  bad.  This  was  many  years  ago.  The  practice 
may  have  had  some  beneficial  effect,  but  it  was  placing  dependence 
upon  a  frail  reed.  It  had  the  inherent  disadvantage  that  the  qual- 
ity of  the  water  changed  more  rapidly  than  the  analyses  could  be 
made  and  published. 

A  second  method  of  protection  would  be  to  abandon  the  lake 
water  altogether  and  substitute  some  other  source  of  supply.  This 
has  been  considered  in  some  cities,  as  for  example,  at  Toronto, 
where  a  gravity  supply  has  been  considered  and  rejected.  Most 
of  the  lake  cities  are  so  situated  that  another  source  of  supply  is 
impracticable,  or,  in  any  event,  costly,  so  this  course  has  not  been 
adopted  and  is  not  likely  to  be. 

A  third  method  is  to  extend  the  intake  further  into  the  lake. 
This  has  been  done  repeatedly.  As  the  cities  have  grown  the  local 
pollution  has  become  heavier  and  larger  intakes  have  been  required 
on  accoimt  of  greater  water  consumption.  The  effect  of  using 
longer  intakes  farther  removed  from  sources  of  pollution  has  in- 
variably improved  the  condition  of  the  water,  sometimes  very 
noticeably.  After  a  time,  the  water  at  the  new  intakes  becomes 
contaminated  so  that  the  remedy  is  merely  of  temporary  benefit. 
Then  too,  there  is  a  limit  to  which  this  can  be  carried  as  the  water 
off  shore  becomes  too  deep  for  economical  pipe  laying. 

A  fourth  method  would  be  to  keep  the  sewage  out  of  the  lake. 
This  is  practically  impossible,  as  the  natural  drainage  oi  the  lake 
cities  is  towards  the  shore.  Ordinarily,  no  attempt  has  been  made 
to  keep  the  sewage  out. 

Chicago  presents  the  only  important  instance  where  it  has  been 
accomplished  and  here  it  has  not  been  accomplished  in  full.  Sit- 
uated at  the  south  end  of  Lake  Michigan  and  with  only  a  low  divide 
between  it  and  the  streams  that  flow  westerly  into  the  Mississippi 
River  basin,  and  with  this  divide  near  at  hand,  it  was  possible  to 
cut  a  canal  through  the  divide,  and  turn  the  flow  of  the  principal 
sewers  into  it,  so  that  the  sewage  would  flow  westerly.    This  pro- 
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ject,  known  as  the  Chicago  Drainage  Canal,  cost  upwards  of  forty 
million  dollars  and  entails  a  considerable  annual  charge  for  mam- 
tenance.  A  city  of  small  size  could  not  have  financed  so  great  ao 
undertaking.  The  canal  is  so  arranged  that  the  Chicago  ^vet 
and  its  branches  now  discharge  into  it  instead  of  into  Lake  Mich- 
igan; the  lake  water  flows  in  at  the  old  river  mouth  and  dilutes  the 
sewage,  also  turned  from  the  lake  into  the  river.  The  canal  ex- 
tends to  Lockport,  where  the  diluted  sewage  is  discharged  into  the 
Des  Plaines  River,  which  flows  into  the  Illinois  River,  this  in  turn 
flowing  into  the  Mississippi  River.  The  use  of  this  canal  lead  to 
a  notable  suit  in  the  United  States  Supreme  Court,  brought  by  tie 
State  of  Missouri,  acting  in  the  interest  of  St.  Louis,  against  the 
State  of  Illinois  and  the  Chicago  Drainage  Canal  District,  which 
was  settled  in  favor  of  Chicago. 

This  canal  receives  most,  but  not  all,  of  the  sewage  of  the  city. 
In  the  southern  part  of  the  city  there  are  large  sewers  that  still  dis- 
charge into  the  lake  and  pollute  its  waters.  Projects  are  now  in 
contemplation  that  will  divert  much  of  this  sewage  westward  into 
the  canal.  It  is  recognized,  however,  that  this  method  of  diversion 
and  dilution  has  a  limit  and  that  this  limit  will  be  exceeded  before 
many  years,  so  that  projects  are  also  being  considered  for  the  treat- 
ment of  the  sewage  before  it  is  discharged  into  the  canal. 

The  Chicago  Drainage  Canal  has  very  materially  reduced  the 
amount  of  t>T)hoid  fever  in  the  city.  It  has  not  entirely  prevented 
all  pollution  of  the  water  supply.  The  large  storm  flows  of  the 
sewers  still  go  into  the  lake  and  at  certain  times  this  miay  affect 
the  water  supplies  from  tlie  various  cribs.  Fmthermore,  the  ac- 
cidental contamination  of  the  lake  water  from  so  large  a  city  with 
its  shipping,  its  dredging  operations,  its  industries  located  along  the 
shore,  is  by  no  means  a  negligible  factor.  To  protect  the  lake 
water  against  all  these  is  a  difficult  task,  except  by  filtration. 

Protection  by  Sewage  Treatment. 

The  next  method  of  protection  to  be  considered  is  the  purifica- 
tion of  the  sewage  before  it  is  discharged  into  the  lake.  This  has 
long  received  the  attention  of  engineers  and  so  much  has  been  said 
about  it  in  popular  writings  that  the  public  has  come  to  have  faith 
in  it.  It  is  a  plausible  idea,  and  theoretically  sound,  but  it  has  one 
fatal  defect.  To  accomplish  the  purification  of  all  of  the  sewage 
at  all  times  demands  works  of  excessive  cost,  while  to  partially 
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purify  the  sewage,  or  to  fail  to  purify  it  at  times  of  storm  does  not 
give  the  desired  protection  to  the  water  supply.  Nearly  all  large 
cities  are  sewered  on  the  combined  system,  that  is,  the  same  pipes 
and  conduits  carry  both  house  sewage  and  storm  water.  Purifica- 
tion works  large  enough  for  the  treatment  of  all  the  storm  water, 
as  well  as  the  house  sewage,  are  almost  ^lever  constructed,  but  over- 
flows are  provided  to  take  the  excess  sewage  at  times  of  heavy  rain. 
This  storm  overflow  is  merely  the  house  sewage  diluted  and  from 
a  sanitary  standpoint  is  dangerous.  The  storms  that  produce  the 
overflow  are  likely  to  be  accompanied  by  strong  winds  that  create 
rapid  and  direct  currents  of  the  water  in  the  lake,  so  that  the  method 
of  protection  by  sewage  treatment  fails  at  those  times  when  it  is 
most  needed. 

The  term  "sewage  purification"  has  been  frequently  used  to 
cover  methods  of  sewage  treatment  that  only  partially  piuify  and 
that  do  not  yield  siatisfactory  effluents,  considered  from  a  sanitary 
standpoint.  For  example,  it  has  been  applied  to  screening,  to 
sedimentation,  to  septic  tanks,  to  chemical  precipitation,  to  the 
use  of  contact  beds,  etc.,  processes  which  are  often  of  great  merit 
in  their  proper  field,  but  which  do  not  by  any  means  convert  sewage 
into  drinking  water,  or  into  a  liquid  that  can  be  safely  mixed  with 
drinking  water.  The  misuse  of  the  term  "sewage  purification'' 
has  thus  led  laymen  to  the  belief  that  a  lake  water  could  be  pro- 
tected simply  by  "purifying"  the  sewage.  The  more  recent  use  of 
the  term  "sewage  treatment"  instead  of  "sewage  purification" 
should  help  to  disabuse  the  mind  of  the  public  in  this  regard. 

Treatment  of  the  sewage  of  lake  cities  is  often  desirable  in  order 
to  prevent  objectionable  conditions  in  the  lake  water  near  the  point 
of  discharge,  and  some  form  of  treatment  is  likely  to  be  adopted 
by  nearly  all  of  them.  The  nature  of  the  treatment  required  will 
be  usually  governed  by  conditions  other  than  the  protection  of  the 
water  supply.  These  treatments  will,  at  the  same  time,  somewhat 
reduce  the  danger  of  the  pollution  of  the  water  supplies  and  will 
serve  as  an  additional  factor  of  safety.  The  point  here  emphasized 
is  that  in  themselves,  they  are  not  sufficient  to  protect  the  water 
supplies. 

The  disinfection  of  the  sewage  by  the  use  of  chloride  of  lime  has 
been  suggested  and  if  this  could  be  carried  out  thoroughly  the 
safety  of  the  sewage  effluent  would  be  materially  enhanced.  The 
cost  of  disinfecting  sewage,  however,  would  be  much  greater  than 
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the  cost  of  disinfecting  the  water  supply,  so  that,  if  disinfectioD 
were  to  be  depended  upon,  the  latter  would  naturally  be  preferred. 
The  difficulty  of  disinfecting  the  overiSow  sewage  at  times  of  storm 
is  another  very  great  objection  to  this  method.  Used  in  connec- 
tion with  other  forms  of  sewage  treatment  disinfection  would  fur- 
ther increase  the  factor  of  safety,  but  it  ought  not  to  be  depended 
upon  alone  to  protect  the  lake  water  supplies. 

Disinfection  of  Lake  Water. 

If  nature's  methods  of  purification  cannot  be  depended  upon,  if 
in  the  present  state  of  the  art  an  adequate  purification  of  all  the 
sewage  is  impossible  of  attainment,  and  if  a  partial  treatment  of 
the  sewage  does  not  suffice,  the  only  course  left  is  to  purify  the 
water  supply  itself.  Fortunately  this  can  be  done  satisfactorily 
and  at  reasonable  cost.  There  are  two  methods  of  purification 
available  for  lake  waters  at  the  present  time — disinfection  and  filtra- 
tion. 

The  disinfection  of  the  lake  water  supplies  has  been  extensively 
practiced  during  the  last  few  years.  Among  the  larger  cities  where 
it  has  been  used  may  be  mentioned  Toronto,  Milwaukee,  Cleveland, 
Erie  and  Niagara  Falls.  Chloride  of  lime,  or  bleaching,  has  been 
chiefly  used,  but  at  Cleveland  liquid  chlorine  was  tried  with  success. 

The  fact  that  the  lake  waters  contain  relatively  small  amounts 
of  organic  matter  as  compared  with  other  surface  waters  enables 
disinfection  to  be  accomplished  by  the  use  of  small  quantities  of 
chemicals.  For  the  same  reason,  the  use  of  an  excess  of  chemicals 
is  readily  noticed  by  the  consumers  on  account  of  the  disagreeable 
odor  of  chloride  of  lime  that  persists  until  the  water  reaches  the 
ser\'ice  taps.  Great  caution  is,  therefore,  required  in  the  use  of 
this  method.  If  too  little  bleaching  powder  solution  is  added  the 
disinfection  will  not  be  effective,  while  if  too  much  is  added  the 
water  will  have  a  bad  odor.  The  quantities  of  bleaching  powder 
used  have  varied  from  six  to  eighteen  pounds  per  million  gallons. 
(10  pounds  of  calcium  hypochlorite,  containing  35%  of  available 
chlorine,  per  million  gallons  of  water  is  equivalent  to  0.42  parts 
per  million  of  availa})le  chlorine.)  (lenerally,  the  smallest  quantity 
found  necessar\'  to  give  effective  sterilization  of  the  water  has  been 
six  to  eight  pounds  per  miUion  gallons.  Quantities  larger  than 
about  ten  pounds  commonly  leave  undecomposed  hypochlorites  la 
the  water  that  mav  be  detected  bv  the  consumers. 
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It  is  of  the  greatest  importance  to  secure  a  prompt  and  intimate 
mixture  of  the  bleaching  powder  solution  with  the  water.  This  is 
not  as  easily  accomplished  as  many  think  and  requires  a  degree  of 
skill  in  operation  not  easily  obtained  in  practice.  Failure  to  prop- 
erly apply  the  chemical  may  easily  escape  knowledge  of  the  author- 
ities and  such  failure  may  be  calamitous  in  its  results. 

That  effective  sterilization  of  the  water  can  be  obtained  by  this 
method  is  admitted  by  sanitarians;  that  it  actually  is  obtained  wHh 
practice  is  more  doubtful.  As  an  illustration  of  its  results  in  a  scien- 
tifically controlled  plant  the  experience  of  Erie  may  be  cited. 

After  the  severe  epidemic  of  typhoid  fever  that  occurred  in  Erie 
during  the  first  four  months  of  1911,  a  disinfecting  plant  was  in- 
stalled. During  the  first  few  weeks  of  operation,  namely,  from 
March  15  to  April  25,  the  nimibers  of  bacteria  in  the  treated  water 
did  not  exceed  50  per  cc.  and  averaged  only  7  per  cc.  During  this 
period,  from  seven  to  ten  poimds  of  bleaching  powder  per  million 
gallons  of  water  were  used.  Later,  this  was  reduced  to  six  to  eight 
pounds.  The  average  numbers  of  bacteria  per  cc.  in  the  raw  and 
treated  waters  during  subsequent  months  were  as  follows:  No.  B. 
coli  were  found  in  the  treated  water. 


1 

Bacteria  Per 

cc. 

Month. 

1 

Raw  Water. 

Treated  Water. 

March, 

1911              ' 

200 

5 

April, 

225 

10 

May, 

495 

160 

June, 

505 

165 

July, 

165 

35 

August, 

295 

50 

September, 

215 

35 

October, 

380 

35 

November, 

500 

45 

December, 

400 

35 

That  the  use  of  bleaching  powder  as  a  water  disinfectant  has  re- 
duced the  typhoid  fever  death-rates  in  many  places  is  probable, 
but  its  use  has  not  been  continued  long  enough  to  enable  this  to  be 
measured  with  great  certainty.  That  it  does  not  completely  pro- 
tect against  water-borne  diseases  is  also  probable.  Thus,  at  To- 
ronto, the  water  supply  was  disinfected  before  the  recently  con- 
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structed  filter  was  put  into  use.  During  this  period,  it  is  said  that 
the  typhoid  fever  death-rate  fell  considerably  belcw  what  it  had 
been  when  untreated  water  was  supplied,  but  after  the  filter  m^ 
put  into  operation  there  was  a  further  reduction  of  the  death-rate, 
showing  that  disinfection  alone  had  not  furnished  complete  pro- 
tection. 

The  method  of  disinfection  of  lake  supplies  ought  to  be  looked 
upon  not  as  a  means  of  permanent  protection  of  the  quahty  of  the 
water,  but  rather  as  a  temporary  or  emergency  measure.  The 
uncertainties  of  operation  are  too  great,  the  chances  that  not  all 
bacteria  are  killed  are  too  large  to  make  this  method  one  to  be  de- 
pended upon  solely  and  permanently.  And  it  is  doubtful  if  the 
consumers  will  be  long  satisfied  with  water  that  may  at  any  moment 
run  from  the  service  taps  with  an  odor  of  chloride  of  lime.  In  the 
case  of  supplies  that  are  only  slightly  contaminated  it  may  be  used 
to  reduce  still  further  the  chance  of  infection,  and  thus,  perhaps, 
postpone  the  time  when  filters  are  required,  but  such  instances  are 
few. 

Filtration  of  Lake  Water. 

The  best  method  of  protecting  the  lake  water  supplies  is  to  filter 
the  water.  This  is  more  efficient  than  disinfection  of  the  water 
and  is  ver^'  much  cheaper  than  purification  of  the  sewage. 

Disinfection  of  the  water  does  not  remove  any  turbidity  that 
may  be  present;  filtration  does.  Disinfection  does  not  remove  any 
odor  that  may  be  ])resent,  due  to  algae;  filtration,  with  aeration, 
does  this,  and  while  it  is  not  often  a  matter  of  great  moment,  at 
times  it  may  be  of  decided  benefit.  Therefore,  although  filtration 
costs  more  than  disinfection,  it  gives  more  effective  service  and  is 
more  dependable. 

Two  methods  of  filtration  are  in  use  in  the  lake  cities,  sand  filtra- 
tion and  meclianical  filtration.  These  are  now  so  well  known  that 
th(»y  do  not  need  to  be  described.  Suffice  it  to  say  that  sand  filters 
an*  operated  at  relatively  low  rates,  say  from  two  to  six  milUon 
gallons  per  day,  and  that  mechanical  filters  employ  a  rate  of  about 
125  million  gallons  i)er  day.  iSul])liate  of  alumina,  or  some  other 
coagulant,  is  employcMl  with  mechanical  filters. 

Tlie  choice  of  the  two  systems  should  be  determined  for  each  case 
according  to  the  character  of  the*  water  to  Ikj  filtered,  the  avail- 
ability of  filter  sites  at  proi^T  elevation,  and  other  local  conditions. 
(lenerally  s]>eaking,  sand  filters  are  especially  applicable  to  relatively 
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clear  waters  and  mechanical  filters  to  waters  that  are  turbid  for  a 
considerable  portion  of  the  time.  In  general  practice  has  followed 
this  classification.  Mechanical  filters  have  been  used  by  a  number 
of  the  cities  on  the  south  shore  of  Lake  Erie,  as  for  example,  Lorain, 
El3rria,  Vermillion,  Sandusky,  Conneaut  and  Ashtabula.  Here  the 
intakes  are  rather  near  the  shore  and  the  water  is  somewhat  turbid. 
A  mechanical  filter  is  now  being  designed  for  Evanston  for  the  same 
reason,  namely,  that  the  shore  water  is  turbid.  At  Toronto,  on 
the  other  hand,  where  the  turbidity  is  seldom  high,  a  sand  filter 
has  been  recently  constructed  and  is  now  in  operation.  In  a  few 
instances,  mechanical  filters  have  been  installed  to  purify  relatively 
clear  lake  waters,  namely,  at  Niagara  Falls,  on  the  Niagara  River, 
and  at  Burlington,  Vt.,  on  Lake  Champlain.  Such  filters  are  at  a 
disadvantage  from  the  standpoint  of  operation  in  that  the  attendant 
cannot  as  readily  tell  how  the  filter  is  working,  for  the  reason  that 
there  is  little  difference  in  the  appearance  of  the  water  before  and 
after  filtration.  In  the  case  of  turbid  or  colored  water,  this  dif- 
ference is  conspicuous,  and  failure  to  obtain  perfect  clarification  is 
an  indication  of  poor  efficiency.  Mechanical  filters  with  clear 
waters  have  not  been  operated  long  enough  to  enable  one  to  fairly 
judge  of  their  success.  It  has  been  found  that  the  quantity  of 
alum  necessary  to  be  used  with  a  mechanical  filter  operating  on  a 
clear  water  cannot  be  reduced  much  below  %  grain  per  gallon  with- 
out impairing  the  bacterial  efficiency. 

With  clear  lake  waters  the  rate  of  sand  filtration  may  be  higher 
than  in  the  case  of  other  surface  waters.  The  Toronto  filter,  for 
example,  was  designed  for  a  rate  of  6,000,000  gallons  per  acre  per 
day,  and  when  operated  at  this  rate  satisfactory  bacterial  efficiencies 
have  been  obtained. 

Although  sand  filters  cost  somewhat  more  to  construct  than  me- 
chanical filters,  this  difference  is  not  great  and  their  cost  of  opera- 
tion is  less,  so  that  when  interest  charges,  operation  and  deprecia- 
tion are  all  taken  into  account,  the  cost  of  the  sand  filtration  may 
be  less  than  that  of  mechanical  filtration,  while  on  the  whole,  the 
results  are  more  dependable  as  less  skill  is  required  in  operation. 
Good  results,  however,  can  be  obtained  by  either  method.  Both 
mechanical  filters  and  sand  filters  need  to  be  faithfully  operated  and 
enlarged  when  necessary,  in  order  that  their  capacity  may  not  be 
overtaxed.  Failure  to  do  so  may  involve  serious  trouble.  For 
example,  the  sand  filter  at  Ashland,  Wis.  is  said  to  have  been  over- 
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taxed  to  such  an  extent  that  filtration  became  imperfect  and  typhoid 
fever  increased  in  the  city.  At  Lorain,  Ohio,  faulty  operatiQii  of 
the  mechanical  filter  likewise  caused  an  increase  of  typhoid  fever 
m  1903. 

In  order  to  furnish  an  additional  saf ^[uaid  againat  uifecti<m  d 
the  water,  it  is  becoming  customary  to  provide  for  the  diainfectioii 
of  the  water  after  filtration  so  that  if  for  any  reasooi  the  prooess  of 
filtration  has  to  be  suspended,  or  if  the  bacterial  eflBloieiicy  faDs 
below  what  it  should  be,  hypochlorite  may  be  used. 

With  the  water  supply  filtered,  expensive  treatment  of  the  sew- 
age discharged  into  the  lake  is  usually  unnecessary.  In  fact,  in 
some  cases  no  purification  may  be  required  so  far  as  the  protection 
of  the  water  supply  is  concerned.  Treatment  of  the  sewage,  of 
course,  gives  an  additional  factor  of  safety. 

The  Problem  a  Local  One. 

The  problem  of  protecting  the  water  supplies  of  the  lake  cities 
is  primarily  and  distmctly  a  local  one.  Each  city  is  guilty  of  pollut- 
ing its  own  water  supply  and  each  city  is  innocent  of  polluting  the 
water  supplies  of  its  neighbors.  There  are  perhaps  a  few  minor 
exceptions  and  these  are  chiefly  on  the  streams  connecting  the  lakes. 
For  example,  the  water  supply  of  Detroit  is  somewhat  poUuted  bj 
the  sewage  of  other  places  on  the  Detroit  River,  and  the  wattf 
supply  of  Niagara  Falls  is  badly  polluted  by  the  sewage  of  Buffak. 
As  an  example  of  a  lake  city  that  slightly  pollutes  the  water  of  its 
neighbors  may  be  mentioned  Milwaukee,  where  the  drift  of  the  pd- 
luted  water  extends  as  far  as  Cudahy,  but  even  the  Cudahy  suppt7 
is  polluted  more  by  its  own  sewage  than  by  that  of  Milwaukee. 

Each  city  also  has  the  remedy  in  its  own  hands,  namely,  the 
purification  of  its  own  water  supply. 

At  the  present  time  there  is  no  general  pollution  of  the  lake  waten 
worthy  of  serious  consideration  and  no  general  pollution  probten 
is  likely  to  arise  for  many  years.  The  nearest  approach  to  a  general 
problem  is  at  the  southerly  end  of  Lake  Michigan  where  Chicago 
and  a  number  of  large  cities  are  relatively  near  together. 

Fearing  lest  a  general  pollution  problem  might  arise  in  this  r^;ioii, 
and  hoping  to  secure  concerted  action  on  the  part  of  the  lake  dtks 
to  protect  the  quality  of  the  lake  water,  the  Lake  Michigan  Water 
Commission  was  organized  in  1908.  It  is  comprised  of  public  health 
officials,  engineers,  water  analysts  and  others  from  the  states  of 
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Wisconsin,  Illinois,  Indiana  and  Ohio,  from  the  lake  cities  them- 
selves, with  representatives  also  from  the  United  States  Public 
Health  and  Marine  Hospital  Service.  The  Commission  has  held 
several  annual  meetings  and  its  papers  contributed  have  been  help- 
ful in  stimulating  the  interest  in  the  general  problem. 

In  1911  a  more  extended  orga;nization,  known  as  the  Great  Lakes 
International  Pure  Water  Association  was  projected  and  a  tem- 
porary organization  formed. 

As  sources  of  inspiration  and  as  centers  of  scientific  discussion, 
such  organizations  are  of  real  service.  But,  inasmuch  as  each  prob- 
lem is  a  local  one,  it  is  difficult  to  see  how  concerted  action  can  be 
or  need  be  brought  about.  Nor  does  it  appear  that  interstate  or 
international  arrangements  are  necessary  in  order  to  bring  about 
local  reforms.  Scientific  co-operation  is  needed  much  more  than 
legal  co-operation  or  the  promulgation  of  general  laws  bearing  on 
the  subject. 

The  instances  where  the  sewage  of  one  city  afifects  the  water 
supply  of  another,  as  Detroit  and  Buffalo,  or  Milwaukee  and 
CudtJiy,  are  in  almost  every  case  contained  within  the  limits  of  a 
single  state.  No  international  problems  of  water  pollution  of  any 
great  importance  are  likely  to  arise  in  the  near  future. 

Nevertheless  the  United  States  Government  can,  through  its 
Public  Health  Service,  perform  a  useful  service  by  bringing  its  in- 
fluence to  bear  on  individual  cities,  pointing  out  the  dangers  and 
reconunending  action  where  needed.  Through  its  impartial  posi- 
tion such  recommendations  carry  weight.  The  power  to  compel 
action  by  the  negligent  lake  cities  natiu*ally  lies  with  the  state  in 
which  the  city  is  located  rather  than  with  the  federal  government. 

It  is  evident  from  what  has  been  said  that  some  very  important 
scientific  studies  need  to  be  made  to  determine  the  laws  that  control 
the  currents  of  the  lakes  and  influence  the  dispersion  of  the  sewage 
discharged  into  them.  But  it  is  not  necessary  to  wait  for  such 
studies  or  to  await  further  developments  in  the  art  of  sewage  treat- 
ment, as  the  obvious  remedy  for  the  protection  of  the  lake  water 
supplies  is  filtration  of  the  water,  with  provision  for  its  disinfection, 
if  necessary.  With  the  art  of  water  purification  so  fully  developed 
as  it  is,  so  thoroughly  tested  by  experience,  and  proven  to  be  reli- 
able, no  lake  city  can  afford  not  to  adopt  this  safe  and  sane  method 
of  protecting  its  citizens  against  the  disease  and  death  that  lurk 
in  sewage  contaminated  water  supply. 
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DISCUSSION 

Mr.  p.  a.  Maignen. — Mr.  Whipple  is  to  be  complimented  for  his  excellent 
paper.  We  can  never  tire  of  hearing  so  clear  an  explanation  of  facts  from  one 
so  well  versed  in  his  subject. 

To  enlarge  the  scope  of  the  discussion  I  would  like  to  ask  Professor  Whipple 
a  few  questions: 

Will  he  tell  us  what,  in  his  judgment,  is  the  cause  or  modus  operandi  of  the 
loss  of  free  oxygen  in  water? 

What  is  the  influence  on  health  of  the  presence  in  drinking  water  of  the  larger 
micro-organisms  concerning  which  he  has  written  so  ably;  and,  is  this  influence 
exerted  to  the  same  degree  in  summer  and  in  winter? 

A  few  years  ago,  upwards  of  ten  thousand  analyses  were  made  in  the  speaker's 
laboratory  with  Schuylkill  water.  The  average  count  of  bacteria  in  winter  was 
60,000  colonies  per  c.c.  at  the  inlet  to  the  settling  reservoir  at  Lower  Roxbor- 
ough,  which  holds  about  24  hours'  supply.  At  the  outlet  the  average  count 
was  90,000  colonies.  In  the  simimer  the  inlet  gave  6,000  colonies  and  the  out- 
let 3,000.  Here  is  a  very  interesting  observation — a  considerable  increase  in 
the  winter  and  a  stiU  larger  decrease  in  the  summer.  Surely  this  is  a  subject 
worthy  of  the  most  serious  investigation. 

Cold  is  supposed  to  check  the  growth  of  bacteria  in  water  and  here  we  have 
absolutely  the  reverse;  in  fact,  the  highest  counts  were  found  when  there  was  a 
sheet  of  ice  on  the  water.  Sedimentation  is  supposed  to  purify  the  water.  This 
seems  to  be  true  in  the  summer,  but  not  in  the  winter.    Why? 

Is  it  because  in  the  summer  the  larger  micro-organisms  or  protoaK)a  such  as 
the  parameciae,  rotifers,  volvox,  and  the  like,  are  extremely  lively  in  eating 
the  small  bacteria  as  big  fish  eat  the  Uttle  fish?  In  the  winter  the  larger  fellows 
seems  to  go  to  sleep,  they  are  hardly  to  be  seen  anywhere  in  the  water,  so  it 
would  seem  as  if,  at  this  time,  the  smaller  bacteria  had  the  field  all  to  them- 
selves. 

I  would  like  to  ask  Professor  Whipple  if  he  has  ever  observed  this  co-existence 
of  the  protozoa  and  bacteria  in  summer,  and  the  absence  of  the  former  in  winter. 

I  wish  also  to  ask  if  any  observation  has  been  made  as  to  the  presence  or 
absence  of  the  protozoa  in  water  known  to  have  produced  typhoid  fever.  These 
protozoa  seem  to  be  always  present  in  water  in  which  any  kind  of  dead  organic 
matter  is  imdergoing  decay,  in  fact  they  seem  to  be  the  chief  instruments  of  the 
decay. 

There  are;  as  we  all  know,  a  considerable  variety  of  protozoa.  Some  live  a 
few  months  and  others  a  few  weeks.  Some  multiply  so  fast  that  very  little  room 
is  left  for  any  other  kinds.  Most  of  them  are  poisoned  by  the  product  of  their 
own  metabolism.  If  you  want  to  keep  them  alive  you  have  to  give  them  fresh 
water  and  fresh  food;  if  not,  they  die  in  their  own  juice;  others  die  for  want  of 
appropriate  food;  whilst  others  again  seem  to  Uve  a  considerable  period  of  time 
on  soluble  matter.  One  rule  is  constant,  if  you  give  them  fresh  water  you  see 
them  multiply  very  quickly.  This  would  perhaps  account  for  observations  made 
with  sewage.  Dilution  of  water  with  sewage  does  not  necessarily  mean  a  lesser 
number  of  micro-organisms;  on  the  contrary,  the  fresh  supply  of  water  seems 
to  facilitate  their  multiplication. 

I  should  also  like  to  know  what  other  diseases  besides  typhoid  fever  have 
been  reduced  by  filtration? 
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I  think  the  question  of  oxygen  in  water  m  an  exceedin^y  interesting  one.  It 
reminds  me  of  some  observations  which  I  have  made  for  many  years  and  as 
late  as  this  afternoon.  Place  a  drop  of  water  infusion  on  a  slide  without  spread- 
ing it,  the  drop  will  therefore  be  convex.  If  you  focus  the  microscope  so  as  to 
45»e  the  outer  surface  of  the  drop,  you  will  see  one  kind  oi  protozoa  and  one  kind 
only;  if  you  lower  the  microscope  a  littlei.you  will  strike  another  layer  with 
another  kind  of  micro-organisms,  and  finally  if  you  reach  the  base,  you  will  see 
some  other  species  of  protozoa  and  if  there  be  any  bacteria  present,  they  are 
usually  to  be  seen  at  the  bottom.  Some  seek  the  air  and  go  to  the  suiface.  It 
is  perhaps  of  this  kind  that  we  speak  when  we  say  that  the  micro-organisms  are 
aerobic.  Others  go  to  the  bottom — I  suppose  these  are  anaerobic.  Would  it 
then  happen  that  the  free  oxygen  in  water  is  appropriated  by  the  protozoa 
which  seek  the  upper  layer  of  the  water? 

A  last  question:  Would  Professor  Whipple  tell  us  how  often  the  typhoid 
bacilli  has  been  found  in  water?  It  is,  of  course,  cultivated  in  laboratories,  but 
I  understand  it  is  se  dom  sought  for  in  the  water  supply.  Its  cousin,  the  coli 
commune,  is  always  sought  as  evidence  of  sewage  pollution. 

Professor  WrappLE. — ^We  believe  it  has  been  found  a  few  times,  but  just 
how  many  I  do  not  know. 

Mr.  Maignen. — Suppose  a  dead  horse  is  thrown  into  the  river,  what  are  the 
kind  of  micro-arganisms  that  wJl  fii*8t  appear  on  the  scene  to  devour  it?  Any 
informifttion  on  these  different  subjects  would  be  very  much  appreciated. 

Mr.  Webster — We  are  indebted  to  Mr.  Whipple  for  his  very  interesting 
paper  on  the  water  supply  of  the  Great  Lakes  and  the  movements  of  the  cur- 
rents which  tend  to  carry  pollution  to  water  supply  intakes,  and  also  the  dis- 
cussion on  the  disposal  of  sewage  by  dilution.  It  is  very  evident  that  engineers 
are  learning  that  the  treatment  and  purification  of  sewage  in  this  manner  must 
be  considered  among  the  available  methods. 

It  is  now  recognized  that  streams  flowing  through  populated  areas  are  unfit 
for  water  supply  without  purification  and  that  the  sewage  of  towns  draining 
into  such  streams  must  be  treated  to  an  efficient  degree,  but  not  necessarily 
purified.  By  this  I  mean  that  the  sewage  must  be  treated  to  such  an  extent 
that  it  will  not  place  an  overload  of  or.ganic  matter  upon  a  water  purification 
works  nor  create  a  nuisance  in  the  waters  into  which  it  is  discharged.  A  great 
work  will  have  been  accomplished  by  any  large  city  when  its  sewage  is  treated 
to  such  an  extent  that  it  meets  these  requirements. 

It  has  been  suggested  that  calcium  hypoclorite  would  be  useful  in  the  treat- 
ment of  sewage.  It  may  be  used  to  great  advantage  in  certain  cases  as  a  pro- 
tection to  valuable  shell  fish  layings  or  in  time  of  epidemics,  but  for  our  large 
cities  the  cost  of  constantly  treating  sewage  with  hypoclorite  of  calcium  would 
be  prohibitive,  and  as  a  means  of  purification  without  any  other  treatment 
it  would  not  give  satisfactory  results,  as  the  chemical  would  disinfect  the  sur- 
face only  of  the  large  particles  of  organic  matter  and  prevent  the  decomposition 
of  the  interior  for  a  time,  so  that  when  these  larger  particles  became  broken 
ui),  decomposition  would  develop. 

Mr.  S.  M.  Swaab. — ^How  far  from  the  shore  is  that  intake? 
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A.  About  7,000  feet  from  the  diorey  and  the  iiital»  is  40  feet  be^^ 
Diagram  No.  2.— ''When  the  wind  w«b  blowing  toward  the  ahote^  the  pn 
water  was  driven  toward  the  ahore.    The  temperature  of  that  water  wae  oiv 
00^    In  this  case  the  tendency  wiU  be  for  the  sewage  to  ftow  awayfeomtlwi— 
rather  than  towards  it. 

Prof.  Whipple. — ^It  is  true  that  the  larger  fonns  of  life  IhriTe  better  in  nr 
mer,  and  are  therefore  most  likely  to  destroy  baeteria  in  that  ae—on.  Il ill 
fact  that  we  almost  never  have  typhoid  fever  outfareaka  in  wiimiiffr  amttr 
due  to  water  infection.  .Such  outbreaks  nearly  all  ocour  in  the  fall  or  the  ipni 
when  the  weather  is  relativdy  cold.  Some  interesting  faets  have  been  kanri 
in  regard  to  the  life  of  the  typhoid  bacilli.  We  have  known  for  aome  tine  tial 
these  germs  live  longer  in  cold  water  than  in  warm  water.  Juat  wfaj  hss  irt 
been  foimd  out,  but  the  bacteriologiBts  are  beginning  to  emplogr 
methods  Starting  with  a  known  number  of  tsrphoid  baeilli  aikled  to 
and  observing  how  they  decrease  from  time  to  time  they  have  plotted  the 
on  logarithmic  paper  and  find  that  the  points  tend  to  fall  on  a  atraiglht  lai. 
That  is  the  typhoid  germs  decrease  in  number  logarithmically.  The  alopn  rf 
the  lines  are  different  for  different  temperatures,  the  disi^ypearanoe  being  mm 
rapid  in  cold  water  than  in  warm  water  Dr.  Loeb,  of  the  Rodcef eUer  Tiwrttih 
finds  two  processes  going  on  in  natural  life,  processes  of  death  aa  weU  aa  pa- 
cesses  of  liife.  The  life  processes  are  very  materially  incroaaed  hy  an  inaeMi 
in  temperature;  but  the  death  processes  are  increased  still  more.  On  the  oika 
hand,  as  the  temperature  falls,  the  life  processes  are  docroaaod  aomewliat,  Ink 
the  death  processes  are  not  increased  as  fast  in  proportion.  And  that  ejqalua 
— if  we  may  call  it  an  explanation — ^why  it  is  that  in  the  hi|^  northern  hli- 
tudes,  we  find  an  unexpected  abundance  of  microscopic  life.  The  water  Xhtat 
contains  a  great  many  more  microscopic  organisms  than  in  the  water  farths 
south,  because  the  death  processes  there  do  not  take  place  aa  rapidly  as  tk 
life  processes.    Just  what  these  two  processes  are,  I  do  not  pretend  to  aay. 

As  to  some  of  the  other  questions  that  Mr.  Maignen  asked,  I  do  not  know 
that  I  can  tell  by  name  what  other  diseases  are  reduced  by  filtration,  other 
than  typhoid;  but  we  do  know  that  often  when  bad  water  ia  made  good  by 
filtration,  not  only  does  the  death  rate  from  typhoid  fever  decrease,  but  tiak 
the  death  rates  from  pneumonia  and  tuberculosis  and  other  diw^^afp^g  that  sre 
not  usually  attributed  to  the  water  we  drink  also  decrease. 

Mr.  Maignen. — ^You  did  not  answer  my  question  as  to  what  ia  the  canse  of 
the  loss  of  oxygen. 

Prof.  Whipple. — I  do  not  know  that  I  can  answer  that  except  in  a  genenJ 
way.  Fish  require  a  certain  amount  of  oxygen,  quite  a  large  amount.  I  pre- 
sume that  most  of  you  know  by  experience  that  when  the  children  go  away  for 
the  summer  and  leave  the  little  gold  fish  in  yoiu*  charge,  the  fiah  usually  die; 
not  because  of  lack  of  care  on  your  part,  but  because  the  little  jar  ia  too  amill 
to  allow  the  absorption  of  sufiicient  ox>'gcn  from  the  air  for  the  life  of  the  firiL 
Microscopic  organisms  and  some  bacteria  need  a  certain  amount  of  ox3rgen. 

Mr.  Swaab. — '  oridc  can  be  used  economically  and  to  much  bet- 

i  ^  V.    Of  course,  there  are  timei  when  the  water 
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supply  may  fail,  the  mainB  may  break;  but  in  that  case,  I  believe  the  precau- 
tion should  be  taken  of  having  at  hand  means  of  treatment  of  the  water  supply. 
Vie  cannot  hope  to  get  that  protection  from  the  sewage.  This  question  of 
treatment  of  sewage  is  largely  an  economic  one,  and  it  is  the  duty  of  the  sani- 
tary engineer  to  take  advantage  of  all  those  forces  of  nature  that  he  has  at  hand. 
The  great  reforms  that  we  looked  for  years  ago  are  now,  I  think,  practicable. 
Engineers  are  now  speaking  of  "sewage  treatment"  and  not  sewage  purifica- 
tion. 

Mr.  Vogleson. — I  have  been  very  much  interested  in  what  Professor  Whipple 
has  told  us.  If  I  remember  correctly,  he  said  that  in  the  disinfection  of  water 
supplies,  the  practical  results  did  not  bear  out  the  theoretJcal  formulae.  In 
the  application  of  disinfection  we  run  across  a  great  many  difficulties  in  regard 
to  getting  the  service  we  desire,  and  I  would  like  to  ask  if  the  difficulty  in  ap- 
proaching the  theoretical  efficiency  is  not  one  which  may  be  overcome  by  thor- 
oughness in  practical  details. 

Pbof.  Whipple. — In  regard  to  that,  I  would  say  that  if  the  disinfectant  is 
thoroughly  mixed,  and  used  in  proper  quantities  there  cannot  be  any  question 
of  its  efifectiveness,  but  I  have  seen  many  cases  where  it  is  impossible  to  get 
the  intimate  mixture  that  is  necessary.  You  cannot  discharge  the  solution 
through  a  pipe  down  into  an  aqueduct  and  expect  to  get  a  good  mixture;  some- 
times it  is  necessary  to  resort  to  some  special  means  to  agitate  the  water  and 
get  the  chemical  thoroughly  mixed.  In  so  far  as  mixing  fails,  the  process  will 
fail. 
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Joint  Meeting  of  the  Engineebs'  Club  and  the  PHn«Ai>Eij>HiA  Chaftcbot 
THE  American  Society  of  Mechai^cal  Engineers,  Octobeb  5,  1912 

The  meeting  was  called  to  order  by  Vice  President  Plack  at  8.35  P.  M.,  with 
72  members  and  visitors  in  attendance.  The  minutes  of  the  biismeas  meeUni 
of  September  2l8t,  were  approved  as  printed  in  abstract. 

Mr.  George  H.  Perkins,  of  the  Lowell  Institute  of  Technology,  spoke  on  tbe 
Exhibition  for  the  Abatement  of  the  Smoke  Nuisance  held  in  London  in  the 
spring  of  1912. 

Mr.  O.  R.  McBride,  of  the  University  of  Pittsburgh,  read  a  paper,  entitled. 
"  Methods  and  Means  of  Smoke  Abatement. "  The  subject  was  discussed  by 
Messrs.  H.  F.  Morris,  Chief  Lukens,  of  the  Bureau  of  Boiler  Inspection,  Mr. 
W.  C.  Furber,  Dr.  Howard  S.  Anders,  Dr.  Herman  B.  AJ1>ti  and  others.  Ob 
motion  of  Mr.  E.  S.  Hutchinson,  a  vote  of  thanks  was  extended  to  Mr.  McBride 
and  Mr.  Perkins. 

Regular  Meeting,  October  19,  1912 

The  meeting  was  called  to  order  by  Vice  President  Plack  at  8.35  P.  M.,  with 
68  members  and  visitors  in  attendance.  The  minutes  of  the  Joint  Meeting  of 
the  Philadelphia  Chapter  of  the  American  Society  of  Mechanical  Engineers  and 
the  Engineers'  Club,  held  October  5th,  wore  approved  as  printed  in  abstract. 

The  Secretary  announced  that  the  following  had  been  elected  to  memberabip 
by  the  Board  of  Directors  at  their  regular  meeting  held  October  17th,  1912: 
Active — G.  Walker  Gihiier,  Jr.,  and  Jonathan  Jones;  Junior — Fred  M.  SchflUnf 
and  C.  Carroll  Sloan. 

Mr.  C.  D.  Watson  presented  the  paper  of  the  evening,  entitled,  "The  De^ 
velopment  of  Separately  Moulded  Structural  Concrete,"  which  was  discussed 
by  Messrs.  S.  M.  Swaub,  John  C.  Trautwine,  Jr.,  Edward  S.  Hutchinson  and 
Prof.  H.  C.  Berry. 

Regular  Meeting,  Xovember  2,  1912 

The  meeting  wiks  called  to  order  by  I^esident  Hess  at  8.40  P.  M.,  with  75 
members  and  visitors  in  attendance.  The  minutes  of  the  Regular  Meeting  of 
October  19th  were  approved  as  printed  in  abstract. 

Professor  G.  C.  Whip])le  presented  the  paper  of  the  evening,  entitled,  ''Sani- 
tary Prot(M'tion  of  the  W.-vter  Supplies  Taken  from  the  Great  Lakes,"  which  w»» 
discusscnl  by  Messrs.  P.  \.  Maignen,  G.  S.  Webster,  John  C.  Trautwine,  Jr., 
S.  M.  Swaab,  Win.  K:i.shy,  Jr.,  J.  .\.  \'ogleson,  Prof.  Whipple  and  others. 

On  motion  of  Mr.  Trautwine,  a  vote  of  thanks  was  extended  Prof.  Whipfde. 

Bi^siNK.^s  Meeting,  Nove.mber  16,  1912 
The  meeting  was  culled  to  order  by  President  Hess  at  8.40  P.  M.,  with  205 
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members  and  visitors  in  attendance.    The  minutes  of  the  Business  Meeting 
of  November  2nd,  1912,  were  approved  as  printed  in  abstract. 

The  Committee  on  Nominations  present^  the  following  nominations  for 
officers  of  the  Club  for  the  year  1913:  President,  W.  P.  Taylor;  Vice  President, 
S.  M.  Swaab;  Secretary,  E.  E.  Krauss;  Treasurer,  J.  Reese  Bailey;  Directors, 
J.  E.  Gibson,  Manton  E.  Hibbs,  H.  Clyde  Snook,  F.  K.  Worley. 
•  The  following  were  reported  as  having  been  elected  to  membership  by  the 
Board  of  Directors  at  their  meeting  of  November  14th,  1912:  To  Active  Mem- 
bership— Harold  Marcus  Leh,  John  S.  Ely;  Junior  Membership — ^Walter  Stokes 
Fogg,  Norman  Dudley  Fulton,  Edward  H.  Robie.    • 

Mr.  Henry  M.  Neely  presented  the  paper  of  the  evening,  entitled  "The  Me- 
chanics of  the  Aeroplane,  *^  which  was  discussed  by  Messrs.  E.  G.  Perrot,  C.  W. 
Bell,  H.  Goodwin,  Jr.,  Carl  Hering,  W.  C.  Furber,  S.  M.  Swaab  and  M.  E.  Reid. 

On  motion  of  Mr.  Quimby,  a  vote  of  thanks  was  extended  Mr.  Neely. 

Business  meeting,  December  7th,  1912: 

Business  Meeting,  December  7,  1912 

The  meeting  was  called  to  order  by  President  Hess  at  8.35  P.  M.,  with  97 
members  and  visitors  in  attendance.  The  minutes  of  the  business  meeting  of 
November  16th,  1912,  were  approved  as  printed  in  abstract. 

Mr.  B.  A.  Haldeman  presented  the  paper  of  the  evening,  entitled,  '*The 
Planning  of  City  Streets, "  which  was  discussed  by  Messrs.  George  S.  Webster, 
H.  H.  Quimby,  B.  A.  Haldeman,  W.  C.  Furber,  S.  M.  Swaab,  Henry  Hess,  E. 
M.  Nichols  and  H.  M.  Chance. 

Business  Meeung,  December  21,  1912 

The  meeting  was  called  to  order  at  8.35  P.  M.,  by  President  Hess,  with  100 
members  and  visitors  in  attendance.  The  minutes  of  the  Business  Meeting 
of  December  7th  were  approved  as  printed  in  abstract. 

It  was  announced  that  the  following  were  elected  to  membership  at  the  meet- 
ing of  the  Board  of  Directors  on  December  19th:  Active — J.  Willard  Gamble, 
Silas  G.  Griffith,  Paul  C.  Haldeman,  Allen  S.  Hurlburt,  John  J.  Young,  Jr.; 
Jimior — Edward  H.  Blum,  Chas.  C.  Campbell,  Alexander  P.  Gest,  Jr.,  T.  Otto 
Mayer  and  David  M.  Niver. 

The  following  additional  nominations  were  presented: 

For  President,  Mr.  W.  L.  Plack,  endorsed  by  Messrs.  Joseph  T.  Richards, 
Frederick  W.  Abbott,  Chester  E.  Albright,  Walter  Loring  Webb,  Henry  L. 
McMillan,  Alfred  D.  Morris,  E.  M.  Nichols,  Herman  Livingston,  A.  M.  Louden- 
slager,  F.  S.  Crispin,  J.  Chester  Wilson,  Harrison  Souder,  John  A.  Carlisle. 

For  Director,  Mr.  H.  M.  Chance,  endorsed  by  Messrs.  Walter  Loring  Webb, 
Henry  L.  McMillan,  E.  M.  Nichols,  Herman  Livingston,  J.  Chester  Wilson, 
Harrison  Souder,  John  A.  Carlisle,  W.  Copeland  Furber,  Charles  F.  Mebus  and 
J.  Lawrence  Hagy. 

Mr.  F.  C.  Robinson  presented  the  paper  of  the  evening,  entitled,  ''Manu- 
facture of  Petroleum  Products,"  which  was  discussed  by  Messrs.  W.  M.  Irish, 
Wm.  T.  Price,  John  C.  Parker,  Henry  Hess,  S.  M.  Swaab,  W.  C.  Furber,  Carl 
Hering,  and  others. 

A  vote  of  thanks  was  extended  to  Mr.  Robinson  for  his  paper. 
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Regular  Meeteno,  October  17th,  1912. — ^Present:  President  Hess,  Vice  Presi- 
dent Plack,  Directors  Kerrick,  Worley,  Develin,  Gilpin,  Haldeman,  Swaab, 
Yamall,  the  Secretary  and  the  Treasurer. 

The  Treasurer  reported  a  net  gain  to  October  1st  of  $854.04. 

The  following  resignations  were  accepted:  M.  K.  Bryan,  George  E.  Dale, 
R.  K.  Matlock,  L.  A.  Sagendorph,  H.  A.  Rogers,  Wm.  R.  Webster. 

The  President  and  Treasurer  were  authorized  to  negotiate  a  temporary  loan 
for  sixty  days,  the  Finance  Committee  to  recommend  the  amoimt. 

The  following  were  elected  to  membership  in  the  Club:  Active — G.  Walker 
Gilmer,  Jr.,  Jonathan  Jones;  Junior — ^Fred  M.  Schilling,  C.  Carroll  Sloan. 

Malcolm  R.  Maclean  was  transferred  from  Junior  to  Active  membership. 

Conmiunications  from  the  Water  Conservation  Association  and  the  British 
Fire  Prevention  Conmiittee  were  referred  to  the  Committee  on  Public  Rela- 
tions for  action. 

Reqxtlar  Meeting,  November  14th,  1912. — ^Present:  President  Hess,  Vice 
President  Mebus,  Directors  Halstead,  Kerrick,  Gilpin,  Vogleson,  HaJdeman, 
Swaab,  Yamall  and  the  Secretary. 

The  Treasurer  reported  that  C.  F.  Morrall  had  been  dropped  from  the  roll, 
in  accordance  with  the  By-Laws,  on  account  of  the  non-payment  of  his  initia- 
tion fee. 

The  following  members  were  dropped  from  the  roll  for  non-payment  of  dues: 
R.  D.  Allen,  T.  H.  Boorman,  E.  Cunningham,  Wm.  McClellan,  H.  G.  Perring, 
H.  S.  Righter,  Wm.  T.  Ruth,  W.  A.  Smethurst,  J.  Walter  Ward  and  E.  H.  Wray. 

The  accounts  of  the  above  were  ordered  to  be  cancelled  on  the  books,  and 
listed  in  a  special  ledger. 

The  resignations  of  R.  K.  Sheppard,  Philip  L.  Spalding,  George  L.  Thompson, 
J.  A.  Colby,  John  Horridge,  Wm.  G.  Bickell,  Carroll  W.  Simon,  F.  K.  Wilkin- 
son,  E.  S.  Morrell,  M.  Monaghan  and  W.  K.  Mai  tin  weie  tabled. 

The  report  of  the  Finance  Committee  was  read  and  approved,  and  the  matter 
of  the  first  mortgage  referred  back  to  the  Committee,  with  instructions  to  re- 
new the  mortgage  for  a  period  of  five  years,  if  possible. 

The  Membership  Committee's  report  was  read  and  approved,  and  the  follow- 
ing were  elected  to  membership:  — Active — Harold  Marcus  Leh  and  John  8. 
Ely;  Junior — Walter  Stokes  Fogg,  Norman  Dudley  Fulton  and  fkiward  H. 
Robie. 

The  following  Juniors  were  transferred  to  Active  membership:  G.  L.  WattOB 
and  Arthur  C.  Merrill;  to  Associate  membership,  T.  Joseph  ReiUy. 
The    Committees  on  Publication,  Meetings,    Publicity,    Advertising,    Public 
Relations  bad  no  reports  to  make. 
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The  report  of  the  House  Committee  and  of  the  Librsir  Committee  were  read 
and  appioved. 

The  Buaineas  Manager'a  report  was  read  and  approved. 

Owing  to  the  fact  that  a  legal  quorum  was  preaent,  on  motion,  all  former  ac- 
tions of  the  Board  were  ratified. 

A  special  sinking  fund  was  autboriud  to  be  created  for  the  putpoee  of  liquid- 
ating second  mortgt^  bonda  and  building  notes,  the  conditions  oovering  thia 
nnking  fund  to  be  determined  later. 

The  ioUowing  changee  in  the  luin  for  the  government  of  the  Board  of  Di- 
rectors were  adopted:  Following  the  reading  of  the  Minutes,  "All  reaolutiona 
and  motions  passed  at  the  previous  meeting  be  read  and  corrected  or  approved, 
as  the  case  may  be." 

It  was  also  resolved  that  no  reaolution  shall  be  voted  on  until  it  has  been  fully 
reduced  to  writing,  read  and  approved  by  the  propounder  and  his  seconder. 

Regular  Mbbting,  December  19,  1912, — Present:  President  Hess,  Directors 
Halstead,  Kerrick,  Develin,  Gilpin,  Vogleson,  Haldeman,  Swaab,  Worley, 
Yamall,  the  Secretary  and  the  Treasurer. 

The  minutes  of  the  meeting  of  November  14th  and  the  motions  and  resolu- 
tions of  the  meetmg  of  November  14th  were  read  and  tq>iMroved. 

The  Treasurer's  report  was  read  and  approved. 

The  Secretary's  report  was  read.  A  resolution,  relative  to  Mr.  Flock's  resig- 
natK)n  was  passed,  as  follows ; 

"Resolved,  that  it  is  the  sense  of  the  Board  of  Directors  of  the  Engineers' 
Club  of  Philadelphia  that  it  would  be  extremely  unfortunate  for  the  Club  to 
lose  the  services  and  association  of  Mr.  W.  L.  Plack,  who  for  many  years  has 
served  the  Club  earnestly  and  efficiently.  We  therefore  ask  that  Mr.  Plack 
seriously  reconsider  the  matter  of  his  resignation." 

Mr.  E.  8.  Morreli's  re^gnation  was  accepted  as  of  December  31st,  1912. 

The  reports  of  the  Finance,  Library,  House,  Advertising,  Public  Relations 
and  By-Laws  Committees  were  read  and  approved. 

The  report  of  the  Membership  Committee  was  read  and  approved,  and  the 
following  were  elected  to  membership:  Active — J.  Willard  Gamble,  Silas  G. 
Griffith,  Paul  C.  Haldeman,  Allen  S.  Hurlburt,  John  J.  Young,  Jr.;  Junior — 
Edward  H.  Blum,  Charles  C.  Campbell,  Alexander  P.  Gest,  Jr.,  T.  Otto  Mayer, 
David  M.  Niver.  John  Horridge  and  John  A.  Remon  were  transferred  from 
Junior  to  Active  membetriiq). 

The  Business  Manager's  rsport  waa  xmd  and  approred. 

It  w 
tion  of 
be  ref  a 

W.  P. 
and  di 
their  n 
same  t 
Ilw 
quarts 


1 

98  Abstrdct  of  Minnies  of  the  Board  of  Directors. 

solved  that  the  Board  authorize  the  renting  of  desk  space  or  a  room  to  the  Aero 
Club,  to  be  used  by  only  the  Secretary  and  President  of  the  Aero  Club,  and  the 
Board  referred  to  the  House  Committee  for  its  recommendations  to  the  Board 
the  matter  of  rental  to  be  charged. 

The  Secretary  was  instructed  to  inform  the  Board  of  Directors  of  the  Aero 
Club  of  Pennqrlyania,  at  their  meeting  to  be  held  December  20th,  at  3.30  P. 
M.,  88  to  the  action  taken  by  the  Board  in  the  matter. 


-•   YORK 
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civic  or  social  centers.  The  municipal  authorities  cannot  directly 
control  the  drift  of  business,  but  they  can  control  the  location  of 
libraries,  schools,  pubUc  halls,  gymnasiums,  playgrounds  and  baths, 
branch  offices  of  the  central  government,  fire  houses,  police  stations 
and  other  buildings  necessary  to  the  proper  administration  of  the 
public  business;  these  public  buildings,  properly  grouped,  fonn  the 
civic  or  social  center  and  by  reason  of  being  the  center  of  the  social, 
educational,  and  official  life  of  the  community  will  attract  hotds, 
theaters  and  general  business.  These  centers  should  be  planned  in 
such  a  manner  that  traffic  may  have  an  option  of  passing  either 
through  or  aroimd  them  so  that  congestion  in  them  may  be  avoided. 
The  village  ''green,"  characteristic  of  all  New  England  towns,  is 
the  embryonic  type  of  what  such  a  center  should  be.  It  is  a  some- 
what sad  commentary  upon  the  wisdom  and  skill  of  some  of  the  more 
modem  town  planners  to  say  that  the  men  who  laid  out  the  American 
towns  of  a  century  or  two  ago  were  wiser  than  they  in  their  apprecia- 
tion of  the  value  of  civic  centers  and  open  spaces  for  the  use  of  the 
people,  that  those  town  planners  of  the  long  ago  established  a  custom 
which,  after  having  been  abandoned  for  more  than  a  centuiy,  has 
become  one  of  the  vital  issues  of  the  new  town  planning,  and  that 
the  restoration  of  the  park  and  the  open  public  place  is  due  to  the 
active  interest  of  private  citizens  and  associations  in  civic  affairs. 

Parks,  playgroimds,  and  other  open  spaces  for  the  use  and  enjoy- 
ment of  the  people  have  come  to  be  recognized  as  essential  features 
of  modem  urban  improvements  and  should  be  provided  for  on  eveiy 
plan  of  street  extension.  The  selection  and  distribution  of  such 
places  can  be  more  intelligently  made  in  connection  with  the  es- 
tablishment of  traffic  streets' than  if  left  until  residential  or  other 
development  has  commenced  and  the  value  of  land  has  advanced. 

With  an  efficient  system  of  traffic  streets  firmly  established,  other 
parts  of  the  plan,  covering  residential  streets  and  those  which  can 
never  be  of  much  importance  to  through  travel,  should  be  left  as 
elastic  as  possible  in  order  that  any  legitimate  form  of  development 
may  be  accommodated.  Industrial  sections,  high  class  residential 
sections,  and  sections  given  to  the  modest  type  of  dwellings,  each 
require  a  different  treatment  of  the  street  plan.  In  factory  districts 
the  streets  surrounding  industrial  plants  should  be  wide  and  straif^t 
while  those  in  the  same  vicinity  upon  which  the  homes  of  the  work- 
men front  may  be  of  a  quite  different  type;  some  of  the  garden 
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space  to  be  paved  between  houses,  the  idea  apparently  being  that 
the  municipality  could  not  afford  to  construct  or  maintain  an3rthing 
there  except  paving  and  such  unlovely  objects  as  telegraph,  tele- 
phone, and  trolley  poles;  we  shall  probably  find  in  the  future  that 
considerable  of  this  area  can  be  used  for  grass  plots  and  trees^  that 
the  cost  of  maintaining  them  properly  need  not  be  prohibitive,  and 
that  the  attractiveness  of  the  streets  will  be  inuneasurably  enhanced; 
it  will  be  interesting  to  note  whether  this  change,  which  is  certain  to 
come,  will  result  from  intelligent  and  well-directed  efforts  on  the  part 
of  the  public  authorities  or  allowed  to  go  by  default  until  it  is  forced 
by  political  or  private  agitation. 

Competition  is  as  keen  among  cities  as  it  is  among  individuals  and 
skilful  advertising  is  as  necessary  in  establishing  and  maintaining 
a  city  in  a  position  of  eminence  as  it  is  in  assuring  success  in  business; 
the  most  effective  advertising  of  the  city  is  accomplished  through 
the  agency  of  the  street  and  its  furnishing  and  the  opportunity  and 
encouragement  it  gives  for  expressing  the  civic  pride  and  ambition  of 
the  individual  and  the  community;  a  city  whose  streets  are  uni- 
formly coDMnonplace  and  monotonous  will  never  inspire  its  citizens 
with  a  very  high  order  of  civic  pride  or  patriotism,  nor  will  it  engage 
the  earnest  attention,  admiration,  or  respect  of  the  visitor.  One 
reason  why  Philadelphia  is  not  more  favorably  advertised  and  more 
widely  commended  is  because  she  has  so  little  of  the  dignity,  beauty, 
and  charm  that  arms  her  citizens  best  in  defence  against  criticism  and 
that  attracts  the  interest  and  applause  of  the  tourist  and  the  casual 
visitor;  if  we  are  to  achieve  and  maintain  any  position  of  distinction 
as  a  world-interesting  city  we  must  cultivate  a  larger  appreciation  of 
civic  art  and  apply  it  more  industriously  in  connection  \^ith  the  doing 
of  such  big  and  progressive  things  as  are  making  other  American 
cities  famous,  helping  to  attract  the  world  to  Europe  and  turning  a 
strong  tide  of  world-travel  toward  the  ambitious  cities  of  South 
America. 

There  are  two  classes  of  streets  in  foreign  cities  that  are  the  delight 
of  tourists;  one  is  the  narrow  thoroughfare  of  the  olden  time,  full  of 
angles  and  offsets,  curious  gables,  picturesque  open  spaces  and 
quaint  buildings;  the  other  is  the  wise,  dignified,  tree  lined  avenue 
or  recent  years,  flanked  by  stately  buildings  bearing  the  finished 
touch  of  the  most  skilled  architects.  Our  American  cities  offer  little 
in  either  of  these  classes;  the  picturesque  passageways  of  the  Middle 
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Ages  will  never  be  reproduced  and  we  seem  unable  or  unwilling  to 
properly  develop  the  grand  avenue  of  modem  times;  the  wide  streets 
we  have  are  either  a  waste  of  desolate  paving  or  the  attempt  to  rescue 
them  from  that  condition,  which  has  resulted  in  grotesque  combina- 
tions of  various  schemes  devised  and  carried  out  with  the  best  intent 
by  individual  property  owners  but  without  proper  advice,  control,  or 
supervision,  and  only  occasionally  do  we  find  a  street  or  a  neighbor- 
hood where  all  the  surroundings  give  expression  to  a  well-ordered 
and  harmonious  conception. 

American  cities  lead  the  world  in  the  beauty  and  charm  of  their 
suburbs,  but  as  urban  improvements  are  pushed  outward  much  of 
this  is  destroyed  by  inflexible  insistence  upon  some  formal  scheme 
of  development,  regardless  of  the  character  of  the  street  or  the  nature 
of  the  adjacent  territory.  With  all  our  boasted  wealth  and  progress, 
our  great  municipalities  have  failed  dismally  in  both  the  efficiency 
and  attractiveness  of  our  streets  and  roads;  the  best  we  have  to 
show,  with  few  exceptions,  is  in  our  smaller  towns  or  where  the  devel- 
opment has  been  due  to  broad-gauge  private  enterprise. 

No  plan  of  a  city  has  been  well  or  wisely  conceived  unless  the  citi- 
zen can  find  pleasure  and  enjoyment  in  his  surroundings  as  he  tra- 
verses its  streets;  no  plan  is  complete  unless  it  offers  the  pedestrian 
something  to  repay  him  for  his  wanderings  and  some  enticing  place 
where  he  may  halt  to  rest,  whether  it  be  in  some  quiet  side  street  in 
contemplation  of  a  garden,  a  fountain,  or  a  statue,  or  in  the  midst 
of  the  rush  and  roar  of  traffic  in  contemplation  of  man's  strenuous 
struggles  in  the  world  of  trade;  no  street  is  well  planned  unless  it 
expresses  an  intelligent  conception  of  the  uses  to  which  it  and  the 
property  bordering  upon  it  may  be  put,  and  invites  and  encourages 
those  legitimate  uses  in  their  best  estate. 

DISCUSSION 

Mr.  S.  M.  Swaab. — I  noticed  in  the  pictures  of  some  sections  of  suburban 
property  around  Philadelphia  half  a  dozen  telegraph  poles.  Do  they  have  them 
abroad? 

A. — In  most  cases  the  wires  are  carried  over  the  buildings  and  poles  are  erected 
in  the  yards  or  attached  to  the  buildings. 

Mr.  Swaab. — In  the  case  of  the  elevated  railroad  in  Berlin  were  the 
planted  to  hide  the  structure  or  were  they  there  before? 

Chairman. — I  happen  to  know  that  section;  the  trees  were  plan 
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Mr.  Swaab. — If  you  had  some  pictures  of  the  Berlin  elevated,  you  could 
show  one  of  the  handsomest  elevated  railway  structures  in  the  world. 

Mr.  Haldeman. — Well,  I  was  not  particularly  impressed  with  the  design  of 
the  metal  structure. 

Chairman. — They  have  endeavored  to  make  this  elevated  structure  as  nearly 
noiseless  as  possible. 

Mr.  Haldeman. — It  is  very  nearly  noiseless.  Not  only  are  the  elevated 
roads  of  Berlin  operated  very  silently,  but  all  the  smiface  roads  in  the  German 
cities  are  so  operated.  I  do  not  think  you  will  hear  bolts,  chains  or  other  loose 
parts  rattling  on  their  cars,  there  are  no  flat  wheels  or  anything  of  that  kind. 

Mr.  Webster. — Mr.  Haldeman  has  given  a  very  clear  demonstration  of  the 
difficulties  encountered  in  proper  street  planning;  also  in  the  planning  of  a  large 
city.  Laying  out  a  new  town  in  virgin  coimtry  represents  a  problem  which  is 
very  difficult  to  solve  and  requires  the  best  skill  of  the  Town  Planner.  It  is 
almost  impossible  for  any  one  to  determine — I  might  say  it  is  almost  impossible 
for  any  one  to  make  an  intelligent  guess — as  to  how  such  a  to^^n  in  its  long  years 
of  development  is  going  to  grow.  Consideration  must  be  given  as  to  conditions 
which  may  develop  which  will  change  the  attitude  of  the  local  government,  the 
advent  of  one  or  two  lines  of  steam  or  electric  railroads  may  change  what  was 
planned  originally  to  be  a  residential  section  into  a  manufacturing  district,  and 
in  the  laying  out  of  streets  it  must  be  realized  that  those  to  be  used  for  business 
and  transportation  piu-poses  must  necessarily  be  wider  than  those  in  residential 
sections.  In  fact,  in  planning  a  small  town,  to  lay  out  wide  streets  in  a  resi- 
dential district  would  not  only  be  imdesirable,  but  would  place  an  unnecessary 
cost  for  street  improvements  upon  owners  of  the  land.  In  Philadelphia,  who, 
twenty-five  years  ago  could  have  forsoen  the  great  concentration  of  people  which 
occurs  daily  in  the  vicinity  of  Broad  and  Market  Streets,  which  is  due  largely 
to  the  advent  of  the  department  store  and  the  large  office  building,  which  ac- 
comodate thousands  of  people?  This  has  placed  upon  the  city  new  obligations 
which  were  neither  anticii)ated  nor  provided  for. 

In  the  growth  of  our  cities  it  is  necessary  not  only  to  provide  for  the  accommoda- 
tion of  the  people  upon  the  surface  of  the  street,  but  it  is  also  necessary  to  make 
provision  for  those  underground  structures  which  are  so  essential  to  their  com- 
fort and  convenience.  To  supply  those  necessaries  of  life  which  modem  civiliza- 
tion demands,  all  kinds  of  sub-surface  struct lues  are  required;  the  sewer  and 
water  pipe  were  probably  the  onlj-  ones  anticipated  one  hundred  years  ago, 
but  now  provision  must  be  made  for  conduits  to  carry  telephone  and  telegraph 
wires,  pipes  for  gas,  pneumatic  tubes  and  other  similar  structures  which  in  the 
future  will  increase  in  numbers  and  size.  On  the  principal  streets  in  the  business 
center  of  the  hirge  city  the  demands  of  transportation  require  that  8ubwa3r8  be 
constructed  in  order  that  the  people  may  have  a  quick  and  economical  con- 
veyance between  their  homes  and  places  of  business.  These  demands  both  on 
the  surface  of  the  street  and  underground  are  such  that  in  the  older  cities  they 
can  only  be  met  by  laying  out  new  streets  or  the  widening  of  existing  thorough- 
fares. 
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but  there  is  no  reason  why  all  the  large  department  stores  and  oth^  high  class 
Htorefl  should  be  there.  One  of  the  principal  objects  of  city  planniag  is  to  dis- 
courage the  creation  of  one  congested  center  and  to  encourage  the  growth  of 
business  centers  in  various  parts  of  the  city.  All  large  cities  are  beginning  to 
realize  the  evils  of  concentration  and  of  crowding  all  business  into  one  center. 
Mr.  W.  C.  Fcrber. — In  the  course  of  Mr.  Haldeman's  very  excellent  ad- 
dress on  Town  Planning,  he  made  one  statement  in  regard  to  the  tendency  of 
town  development  toward  open  spaces  and  toward  separate  dwellings.  I  have 
been  attending  the  sessions  of  the  National  Housing  Convention  in  Philadelphia 
during  the  past  week,  and  I  have  been  surprised  and  amused  at  some  of  the 
expressions  of  opinion  regarding  the  Philadelphia  method  of  laying  out  streeta, 
which,  in  my  opinion,  are  largely  due  to  ignorance.  I  thought  our  wide  etreela 
and  detached  houses  were  pretty  nearly  the  right  thing,  but  in  these  various 
conferences  where  these  subjects  came  up,  the  expressions  of  opinion  were  any- 
thing but  favorable  toward  the  Philadelphia  methods.  One  speaker  said  that 
some  of  our  Philadelphia  detached  houses  were  put  up  in  Newark,  N.  J.,  and 
they  had  been  unable  to  rent  them;  that  the  Newark  people  preferred  the  two- 
decker  flat,  on  the  theory,  I  suppose,  that  the  builder  could  rent  the  upper  part 
and  live  in  the  lower  part  himself,  leaving  the  upper  one  to  take  care  of  his  ov«9^ 
head  charges.  It  was  also  stated  that  in  New  Hochelle  people  are  giving  up 
private  houses  and  living  in  flats.  The  speaker  was  now  living  in  a  flat 
by  choice.  In  analyzing  these  methods,  he  empbasized  the  difficulty  of  aecuring 
cooks  and  servants,  and  he  thought  that  in  future,  skeletons  of  cooks  and  serv- 
ants would  be  preserved  in  the  museums.  He  also  referred  to  the  difficulty  td 
getting  houses  provided  with  hot  water,  and  conveniences  for  the  removal  of 
ashes,  etc.,  and  he  thought  the  progress  of  modem  development  was  in  fav<H'  of 
doing  these  things  in  a  cornniunal  way,  which  would  be  better  than  in  an  indi- 
vidual way,  which,  of  course,  has  the  merit  of  truth. 

The  best  possible  way  towards  the  development  of  the  individual  house  in 
the  way  of  a  combination  of  general  utilities,  is  in  the  Girard  E^atate,  at  17th  and 
Shunk  Strectsj  we  all  know  that  is  a  popular  development  in  Philadelphia. 

Mr.  Haldeman  spoke  of  the  unfortunate  development  of  cities  in  the  wajv 
they  were  not  expected  lo  go,  and  I  never  ride  out  to  Willow  Grove  but  it  liakf 
me  feel  sad  lo  see  the  pushing  of  the  two-story  or  three-story  operation  Iiihmi 
out  into  (hat  beautiful  country.     I  think  it  is  this  side  of  I«gan  that  there  ii 
a  development  of  two-story  houses  that  jar  your  sense  of  the  fitneaa  of  **mi|H 
as  you  compare  them  with  the  beautiful  landscape  with  which  tl 
rounded.    It  may  be  otherwise  some  day,  but  it  is  inevitable  as  long 
the  private  ownership  of  land  and  where  the  sole  object  is  tl 
the  owners. 

Mb.  S.  M.  Swaab. — I  am  not  very  much  of  a  political  economist,  I 
like  to  ask  my  friend  Mr,  Haldeman  whether  those  European  metho 
out  streets  is  not  really  a  matter  of  economy  more  than  anything 
What  impressed  me  particularly  in  the  pictures  that  Mr.  Haldol 
was  the  vast  quantity  of  foliage  and  trees  in  the  continental  cities,  i 
siderable  distances  between  the  buildings.     It  seems  to  me  that  o 
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also.    On  narrow  streets  no  new  buildings  can  be  put  up  to  the  old  line,  but  must 
be  set  back  to  a  new  line,  thus  insuring  a  wide  street  after  a  while. 

Mr.  Swaab. — We  have  the  same  thing  in  Philadelphia.  We  have  it  on  every 
street,  Arch  Street,  Walnut  Street,  and  other  main  streets. 

Chairman. — Mr.  Haldeman  referred  to  the  desirabihty  of  a  park  setting  for 
our  City  Hall,  to  which  some  exception  was  taken  as  placing  the  City  Hall  more 
remote.  It  is  not  necessary  to  occupy  great  width  to  secure  park  effect.  Many 
European  cities  have  such  settings  for  large  pubhc  buildings,  but  the  space  oc- 
cupied to  make  these  surroundings  is  not  actually  large  enough  to  cause  anyone 
to  become  leg-weary.  But  the  treatment  does  demand  skill.  Speaking  of  our 
own  City  Hall,  I  think  it  would  do  no  harm  at  all  if  we  had  a  few  trees  to  hide 

it- 
Much  mention  was  made  of  the  fact  that  our  Philadelphia  business  is  con- 
centrated. That  is  not  a  necessary  characteristic  of  a  large  city;  but  is  a  village 
practice.  The  business  of  our  town  while  small  was  concentrated  around  the 
City  Hall  a  long  time  ago;  and  a  great  many  people,  not  Philadelphians,  and  a 
few  who  are,  hold  it  a  reproach  that  it  should  still  be  so.  It  is  a  small  town 
view  still  largely  held  by  a  great  many;  take,  for  instance,  this  Club,  this  meet- 
ing would  be  much  better  attended  if  it  were  within  one  and  a  half  or  tw^o  blocks 
of  the  City  Hall,  instead  of  four.  We  have  not  yet  caught  up  with 
our  growth. 

The  real  cause  of  the  high  cost  of  living  in  European  cities  is  Europe's  mili- 
tarism, not  only  does  it  cost  a  good  deal  to  maintain  a  soldier  or  a  sailor,  but 
this  taking  a  man  out  of  industrial  life  and  putting  him  in  the  army  or  the  navy 
deprives  the  community  of  a  self  supporting  and  a  contributing  member  and 
adds  an  eating  member  whom  the  others  must  support;  and  in  that  you  have 
basic  cause  for  the  high  taxation  prevailing  in  Europe.  We  here  save  that,  but 
are  like  the  woman  who,  saving  a  dollar,  feels  rich  enough  to  spend  two,  and 
does. 

Mr.  Haldeman. — In  reference  to  the  economy  of  the  wide  streets 
of  Continental  cities,  1  will  say  that  the  individual  street  does  cost  more  tbaa 
ours,  but  the  percentage  of  street  area  is  much  less  than  in  our  big  American 
cities.  Nearly  one-half  the  area  of  Manhattan  Island  is  occupied  by  streets; 
in  Philadelphia  the  street  area  varies  from  30%  to  50%;  in  Berlin  it  does  not 
exceed  20%  to  25%. 

Mr.  Furber. — The  character  of  a  street  is  determined  by  the  character 
of  the  buildings  upon  it.  You  point e<i  out  the  superiority  of  the  large  flat  house. 
With  proper  facilities  for  living  in,  that  is  quite  an  institution.  I  think  we 
believe  that  that  type  of  building  is  infinitely  to  be  preferred  to  our  cheap,  two- 
story  house  that  we  are  familiar  with  in  Philadelphia,  and  as  you  have  aba 
pointed  out,  that  the  unit  cost  per  square  foot  of  street  serves  up  a  reason  for  tfait 
increased  density  of  population,  which  makes  it  easier  to  compare  with  our 
development. 

Chairman. — People  who  live  in  those  flat  houses  must  suffer  a  certain  amouBt 
of  regulation,  which  I  do  not  think  we  would  submit  to  in  PhiladelphUL     H" 
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Paper  No.  1122. 
E  MANUFACTURE  OF  PETROLEUM  PRODUCTS 

By  Dr.  F.  C.  ROBINSON 

Chief  Chemist  of  the  Atlantic  Reflning  Co. 

Read  December  ZJ,  191Z 

It  is  a  real  privilege  to  address  you,  a  body  of  engineers,  on  the  pre- 
sent subject — The  Manufacture  of  Petroleum  Products — ^because 
all  of  these  products  are  or  might  be  used  in  some  engineering  opera- 
tion. I  have  frequently  had  occasion  to  inform  my  friends  that  the 
oil  refinery  does  not  manufacture  dyes,  acetanilid  and  allied  pro- 
ducts, nor  perfumes.     We  do  not  make  perfimies. 

The  first  group  of  products  from  petroleum  is  made  up  of  Casernes 
and  Naphthas.  There  is  some  confusion  among  the  various  names, 
benzine,  gasoline,  naphtha,  etc.,  but  the  best  practice  is  to  use  the 
word  gasoline  for  any  mixture  of  light  hydrocarbons  intended  for 
use  in  any  kind  of  vaporizer,  i.  e.,  to  be  gasified  in  a  gas  machine, 
gasoline  torch,  gasoline  stove  or  automobile  carbureter.  Also  to  con- 
fine the  word  naphtha  to  mixtures  of  hydrocarbons  intended  for 
some  purpose  that  requires  a  very  good  odor,  such  as  the  naphtha 
used  by  cleaners,  varnish  makers,  soap  makers,  etc.  In  this  scheme, 
the  word  benzine  finds  no  place.  Gasolines  and  Naphthas  vary  in 
average  boiling  point  according  to  the  use  for  which  they  are  in- 
tended, but  all  lay  between  125°  F.  and  280°  F.  In  all  cases  it  is 
essential  that  they  be  free  from  all  heavy  hydrocarbons  that  do  not 
evaporate  from  the  hand. 

The  next  group  consists  of  several  grades  of  Lamp  Oil.  Lamp  Oil 
is  a  mixture  of  hydrocarbons  whose  average  boiling  point  is  about 
450°  F.,  entirely  freed  on  the  one  hand  from  gasoUne  or  naphtha 
and  on  the  other  hand  from  the  heavy  hydrocarbons  that  belong 
to  Gas  Oil  and  Lubricating  Oil  and  that  would  make  the  oil  act  bad^ 
in  the  lamp. 

The  next  class  is  gas  oil.  While  oils  of  all  degrees  of  volatility 
have  been  used,  the  most  economical  for  the  gas  maker  consists  of 
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The  next  group — The  Road  Binders — consists  of  petroleum  asphalt 
properly  fluxed  with  heavy  Petroleum  Oils  that  will  not  evaporate 
and  of  such  qualities  that  they  will  bind  the  road  materials  together 
both  in  summer  and  winter. 

The  next  group — Coke — contains  but  one  member.  This  material 
being  ahnost  entirely  free  from  ash,  is  used  very  extensively  by  makers 
of  Electric  Carbons. 

1.  These  are  the  desired  products.  Now  let  us  look  at  the  Crude 
Oils  from  which  they  are  obtained. 

2.  There  are  about  as  many  varieties  of  crude  oil  as  there  are  oil 
fields,  but  the  refiner  recognizes  three  distinct  types,  because  each 
type  must  be  handled  by  different  methods.  Viz,  (1)  The  parafl^ 
base  crude  similar  to  that  found  in  Pennsylvania  and  West  Virginia 
and  being  essentially  light  colored  crudes  containing  paraffin.  (2) 
Asphalt  Base  Crudes  similar  to  those  found  in  Texas  and  Cal'fomia 
and  being  essentially  black  and  containing  no  paraflSn.  (3)  Mixed 
Base  Crudes  similar  to  those  found  from  Ohio  to  Oklahoma  and  being 
essentially  mixtures  of  paraffin  and  Asphalt  Base  Crudes. 

3.  In  order  to  obtain  some  idea  of  the  chemical  and  physical  nature 
of  the  crude  oil  let  us  imagine  a  sample  of  Mixed  Base  Crude  brought 
into   the   laboratory  for  a  thorough   examination.     The   Chemist 
would  probably  distill  the  sample  in  a  vacuum  or  in  some  similar 
manner  in  order  to  avoid  destructive  distillation  and  would  save 
the  various  fractions  separate.     He  would  not  distill  off  more  than 
90%  because  the  heaviest  10%  cannot  be  distilled  without  breaking 
it  do\NTi  into  simpler  molecules.     He  will  then  start  to  examine  the 
various  fractions  and  ^\^ll  keep  a  record  similar  to  the  middle  chart. 
The  horizontal  lines  indicate  the  10  fractions.     The  first  fraction  will 
be  a  light  mobile  mixture  of  hydrocarbons  whose  average  boiling  point 
is  about  227°  F.     The  second  is  a  slightly  darker  and  slightly  less 
mobile  mixture  of  hydrocarbons  whose  average  boiUng  point  is  about 
295°  F.     The  third  cut  again  darker,  heavier  and  less  mobile,  boiling 
point  369°  F.     The  fourth  cut  still  heavier  and  460°  F.  boiling  point. 
The  fifth  cut  is  about  530°  F.  boiling  point.     The  remaining  cuts  are 
increasingly  heavier,  more  viscous  and  darker  in  color  and  the  residae 
in  the  still  is  a  soft  pitch.     The  chemist  now  asks  what  these  teoi 
fractions  are  chemically  and  he  recognizes  four  groups  of  compounds- 
in  each  fraction  that  the  refiner  may  have  to  isolate  or  r^oiove^ 
First  the  coloring  matter  indicated  in  the  diagram  by  the  black 
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associate  member^  died  February  7,  1912;  George  W.  Melville 
honorary  member,  died  March  17,  1912;  H.  W.  Spangler,  active 
member,  died  March  17,  1912. 

Two  social  entertaimnents  were  held  during  the  year.  A  recep- 
tion and  dance  was  held  on  May  10,  1912,  the  expenses  of  which  were 
met  by  subscription,  and  a  smoker  on  November  9,  1912,  the  ex- 
penses of  which  were  defrayed  from  the  Club  funds.  Both  of  these 
functions  were  well  attended  and  successful  in  every  way. 

Attention  is  called  to  the  excellent  financial  condition  of  the  Club. 
While  the  net  gain  is  less  than  in  1911,  it  is  due  to  the  fact  that  prac- 
tically all  of  the  uncollectable  debts  have  been  eliminated,  leaving  the 
accounts  receivable  of  $3,792.83  a  very  good  asset.  Both  the  tech- 
nical and  financial  status  of  the  Club  are  better  than  at  any  other 
time  in  its  history. 

The  Club  is  rapidly  becoming  the  technical  center  of  Philadelphia, 
as  the  Phila.  Chapter  Amer.  Inst.  Elec.  Engineers,  Phila.  Chapter 
Amer.  Soc.  Mech.  Engineers,  Phila.  Chapter  American  Chemical 
Society,  Municipal  Engineers  of  the  City  of  Philadelphia,  Delaware 
River  Society  of  Marine  Draftsmen  and  the  Aero  Club  of  Pennsyl- 
vania are  holding  meetings  in  the  Club  house.  The  members  of 
the  Engineers'  Club  are  always  welcome  at  any  of  the  meetings  of 
these  societies,  thus  giving  them  an  opportunity  to  come  in  contact 
with  these  various  technical  activities. 

The  following  papers  have  been  presented  before  the  Club: 

January  6 — "Propulsive  Machinery  and  Oil  Fuel  in  the  U.  S. 
Naval  Service. ''     Capt.  C.  W.  Dyson,  U.  S.  N. 

January  20 — "Sub-aqueous  Tunneling."     Henry  Japp. 

January  27 — "Dock  Facilities  in  New  York  City;  Present  Facili- 
ties, Proposed  Improvements  and  Extensions."  W.  J.  Barney, 
Deputy  Commissioner,  Dept.  of  Docks,  New  York  City. 

February  3 — Annual  Address — "Ostwald's  Energetics  as  a  Moral 
Force  and  Law,"  and  "Ives'  Colorimeter  and  Color  Photography." 
President  Henry  Hess. 

February  10 — "Hydraulic  Gold  Mining  in  British  Columbia." 
Howard  W.  DuBois. 

February  17 — "The  Development  of  Roentgenology."    H.  Clyd 
Snook. 

March  2 — "Smokeless  Powder  and  High  Explosives  for  Mill 
Uses. "    Lt.  Col.  Odus  C.  Homey,  U.  S.  A. 
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Mardi  1&— "Stellar  Evolution. "  Dr.  John  A.  Brasbear,  oi  Htts- 
bui^,  Pa. 

April  8 — "Recent  Improvements  in  Street  Pavements."  Gewge 
W.  Tillson. 

April  20— "The  Gas  Producer."  H.  R  Longwell,  Consulting 
Engineer,  Westinghouse  Machine  Co. 

-  May  4 — "  The  Engineer  in  His  Relation  to  the  City  Plan. "  Nelson 
P.  Lewis,  Chief  Engineer,  Board  of  Estimate  and  Apportionment, 
New  York  City. 

May  18— "The  Significance  of  'The  Middle  Third,'"  and  "The 
Behavior  of  Cast  Zinc  Under  Compresmon."  John  C  Trautwine, 
Jr. 

June  1 — "The  Queen  Lane  nitration  Plant."     S.  M.  Swaab. 

September  il — "The  importance  of  Meteorolo^cal  Data  in  Ekig^ 
oeering. "    George  S.  Bliss,  Director,  Climatological  Service  of  Penna. 

Odober  6 — "The  Exhibition  for  the  Abatement  of  the  Smoks 
Nuisance  Held  in  London,  Spring  of  1912,"  George  H.  Perkins,  <rf 
the  Lowell  Institute  of  Tectmology.  "Methods  and  Means  of  Smoke 
Abatement,"  0.  R.  McBride,  of  the  University  of  Pittsbui^. 

Odober  19 — "The  Development  of  Separately  Moulded  Structural 
Concrete."     C.  D.  Watson. 

NoveTnber  & — "Sanitary  Protection  of  the  Water  Su[q>Ues  Taken 
from  the  Great  Lakes."     Prof.  G.  0.  Whipple. 

HoovnOaer  16 — "The  Mechanics  of  the  Aeroplane."  Henry  M. 
Neely. 

December  7 — "The  Planning  of  City  Streets."  B,  A.  Haldemaa, 
Engineer,  General  Plans  Division,  Survey  Bureau,  Philadelphia. 

December  SI — "Manufacture  of  Petroleum  Products."  F.  C. 
Robinson,  Chief  Chemist,  Atlantic  Refining  Company." 


FINANCIAL  REPORT 

SlalemenI  of  Assela  and  Lialnlilie$  at  of  Deeembtr  31,  19IS 

Assets 

Cash— Colonial  Truat  Co.— Active   Account    S329.25 

Colonial  Trust  Co. — Interest  Account 1,615.00 

In   Office    549.09 

«  2,493^4 

Accounts  Receivable  Membera'  Ledger 3,7^.83 


Annual  Report  of  the  Board  of  Diredars  195 

Inykmtort  of  Suppubs  on  Hand 

Wines  and  liquors 267.37 

Cigars     174.16 

Fuel    28.12 

Restaurant  Provisions 143.40 

House  50.43 

: 661.47 

Pbopbbtt 

Building  No.  1317  Spruce  Street 72,850.00 

Furniture  and  Fixtures — House 9|181.69 

Furniture  and  Fixtures — ^Restaurant 1,330.84 

Library    2,100.00 

85,462.53 

Insurance 

Perpetual  on  Club  House 1,782.00 

Unexpired  on  Furniture 7.86 

1,789.86 

MiSCBLLANBOUB 

F.  H.  Stier,  Treasurer 153.50 

Total  Assets $04,353.53 

LlABIUTIBS 

Accounts  Pajrable I  3,292.72 

Bills  Payable— Building  Account $8,100.00 

Bills  Payable— Regular  Account 1,500.00 

9,600.00 

First  Mortgage  Payable 40,000.00 

Second  Mortgage  Bonds 25,250.00 

65,250.00 

Accrued  Interest — First  Mortgage 1,080.00 

Accrued  Interest — Second  Mortgage  Bonds 1,615.00 

2,695.00 

Link  Belt  Company,  Second  Mortgage  Bond  Account 529.58 

Trustees  of  Bond  Redemption  Fund 36.20 

Appropriation  from  Junior  Section  to  Library  Committee 203.49 

Chbibtmas  Fund 

Balance,    January    1,    1912 $60.00 

Contributions,  December,   1912    285.50 

i 

Disbursements,  December,  1912 
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Capital  Account 

Surplus  as  at  January  1,  1912 11,422.28 

Reserve  for  Redemption  of  Second  Mortgage  Bonds,  Link 

Belt  Co.  Account 295.42 

11,717.70 
Suspense  Account,  Uncollectable  Accounts  Previous  to  Janu- 
ary 1,  1912 695.87 

11,021.83 

Gain  for  year  1912  as  per  Statement  of  Income  and  Expense .     1,625.71 

Surplus  as  at  December  31,  1912 12,047.5- 

$94,353.5; 

Sfatemenf  of  Income  and  Expense,  Year  Ending  December  31,  1912. 

Income 

Dues— Net    $16,126.59 

Initiation  Fees 1,370.00 

Publications 

Advertising — Directory $410.00 

Advertising — Proceedings 527.35 

Sales— Directory   2.50 

Sales— Proceedings    103.70 

1,043.55 

Miscellaneous 

Badge   Sales    26.00 

Excess  and  Deficiency  of  Cash 50 

Interest  on  Deposits,  Active  Account 18.46 

Interest  on  Deposits,  Interest  Account 3.61 

Reprint    Sales     27.00 

Telephone  Receipts 162.28 

237.85 

Club  House  Business 

Billiards  and  Pool  Sales 219.62 

Cigar    Sales    2,419.10 

Lodging     3,684.73 

Rent  of  Meeting  Room 334.00 

Restaurant     Sales 9,152.08 

Wine  Sales   1,329.09 

17,138.62 

Total  Income  Year  Ending  December  31,  1912 f35,916.6 
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Expenses 

Salaries  and  Wages 

Manager's  Salary,  May  1  to  Dec.  31 $1,200.00 

House  Salaries  and  Wages   3,217.45 

Office   Salaries    2,750.70 

Restaurant  Salaries  and  Wages 4,574.22 

$11,742.37 

Expense 

House   Expense    1,137.91 

Office  Expense   427.75 

Directors'   Expense    20.25 

Library  Expense    61.40 

1,647.31 

Publications 

Directory   Publishing    320.19 

Proceedings  Publishing  1,076.67 

1,396.86 

Miscellaneous 

Badge  Purchases 13.55 

By-Laws  Revision *    53.30 

Entertainment   Committee    167.50 

Fuel  Purchases  $544.70    . 

Inventory    Jan.    1,    1912 18.20 

^$562.90 

Inventory    Dec.    31,    1912    26.12 

536.78 

Gas  and  Electricity  1,189.68 

Insurance     51.00 

Meetings   Committee    550.00 

Membership  Committee 133.81 

Reprint  Purchases  26.50 

State  Tax  on  Bonds 101.00 

Taxes  and  Water  Rent 943.00 

Telephone  Expense   363.78 

Club  Luncheons  354.00 

4,483.90 

Interest  and  Discount 

Interest  on  First  Mortgage  2,160.00 

Interest  on  Second  Mortgage  Bonds 1,262.50 

Interest  on  Building  Fund  Notes 425.81 

Discount  on  Notes 16.00 
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Club  House  Bu8inb88 

Billiards  and  Pool  Purchases $     28.74 

Cigar  Purchases 2,027.25 

Wine  Purchases  [ .  1,036.01 

3,002.00 

Restaurant  Expense $   835.41 

Restaurant  Provision  Purchases  7,303.82 

8,139.23 

$11,231.23 

Ikvbntobt,  December  31,  1912 

Cigars  $174.15 

Restaurant    Provisions    143.40 

House  Supplies    50.43 

Wines  and  Liqours 267.37 

635.35 

Inventory,  December  31,  1911 

Cigars     $195.57 

Restaurant  Provisions 103.19 

Wines  and  Liquors  262.51 

561.27 

Deduct  Increase  in  Inventory  .  74.08 

Expense  of  Club  House  Business 11,157.15 

Total  Expense 34,290.90 

Net  Gain  for  Year  1912 $  1,625.71 

Respectfully  submitted, 

F.  H.  SnER,  Trecuurer. 

Audited  and  found  correct. 

Stockton  Bates,  C.  P.  A., 

For  Stockton  Bates  dt  Saru, 

The   following  is   the   report   of    the   Trustees   of    the    Bond 
Redemption  Fund: 

Fifth  Annual  Report  of  the  Trustees  of  the  Bond  Redemption  Fund,     Being  a 

Statement  of  Business  for  the  Year  1912. 

Receipts 
1912 

January  1,   Balance  from  1911    $33.20 

January  1,  Refund  of  Box  Rent   3.00 

$MM 
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October  17,    Tna^emi   to  Trfwmrfr  o'  Club,  Ttmponriljr  Cloong 

Account ISS-a 

The  Tnistew  hoM  no  usotiable  ■eeuritin. 

HzNKT  Ziimuim, 
Edwin  F.  Smith, 
Edoax  Mabbuxo, 

Tnuleei. 

Respectfully  submitted, 

THE  BOARD  OF  DIRECTORS, 
Henbt  HasB,  President. 
W.  P.  Taylor,  Secretary. 
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ABSTRACT  OF  MINUTES  OF  THE  CLUB 

Regular  Meeting,  January  4th,  1913 

The  meeting  was  caUed  to  order  at  8:35  P.  M.,  with  75  members  and  visitors 
in  attendance.  The  minutes  of  the  Business  Meeting  of  December  2l8t  were 
approved  as  printed  in  abstract. 

Mr.  E.  M.  Nichols  announced  that  Mr.  W.  L.  Plack  had  withdrawn  his  name 
as  a  candidate  for  President. 

Mr.  Morris  Knowles  presented  the  paper  of  the  evening,  entitled,  ' '  Wise  Utili- 
zation of  the  Water  Resources  of  Pennsylvania, ''  which  was  discussed  by  Messn. 
John  C.  Trautwine,  Jr.,  and  J.  £.  Gibson. 

On  motion  of  Mr.  Trautwine  a  vote  of  thanks  was  extended  to  Mr.  Knowles  for 
his  paper. 

Business  Meeting,  January  18th,  1913 

The  meeting  was  called  to  order  at  8:30  P.  M.,  with  75  members  and  visiton 
in  attendance.  The  minutes  of  the  Regular  Meeting  of  January  4th  were  ap- 
proved as  printed  in  abstract. 

The  following  were  reported  as  having  been  elected  to  membership  by  the  Board 
of  Directors  at  their  meeting  of  January  16th,  1913:  Active,  John  A.  Coyle  and 
Walter  Dalton;  Associate,  John  C.  Bartlett,  Hen  y  Franz  and  George  Wood; 
Junior,  William  F.  Carson  and  W.  A.  Sloan. 

Dr.  George  Otis  Smith,  Director  of  the  U.  S.  Geological  Survey,  presented  the 
paper  of  the  evening,  entitled ' '  The  Engineer's  Interest  in  Public  Land  QuestionSy" 
which  was  discussed  by  Messrs.  W.  F.  Ballinger,  E.  M.  Nichols,  H.  W.  IXiBois, 
Dr.  H.  M.  Chance,  Dr.  Carl  Hering,  W.  C.  Furber,  A.  E.  Lehman,  John  C.  Parker, 
P.  A.  Maignen,  R.  G.  Develin,  H.  C.  Berry  and  S.  M.  Swaab. 

On  motion  of  Mr.  Hutchinson  a  vote  of  thanks  wa  >  extended  to  Dr.  Smith  for 
his  paper. 

Thirty-Fourth  Annual  Meeting,  February  1. 1913 

The  meeting  was  called  to  order  at  8:45  P.  M.  by  President  He  s,  with  125 
members  and  visitors  in  attendance.  The  minutes  of  the  Business  Meeting  d 
January  18  were  approved  as  printed  in  abstract.  The  Annual  Report  q£  tha 
Board  of  Directors  was  presented  and  approved. 

it  was  moved  and  unanimously  carried  that  the  next  meet  ng  be  made 
ness  Meeting,  to  discuss  the  question  of  revision  of  the  Charter. 

IVesident  Hess,  after  relinquishing  the  chair  to  Vice-President  Mebua, 
his  farewell  address. 

The  tellers  announced  that  150  legal  ballots  had  been  cast,  and  the  fi 
were  elected  as  oflScers  of  the  Club  for  1913: 

President,  W.  P.  Taylor;  Vice-President,  S.  M.  Swaab;  Secretary,  E.  E. 
Treasurer,  J.  Reese  Bailey;  Directors,  J.  E.  Gibson,  Manton  E.  Hibbe,  H. 
;Snook,  F.  K.  Worley. 
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Business  Meeting,  February  15,  1913 

The  meeting  was  called  to  order  at  8:25  P.  M.,  by  President  Taylor,  with  98 
members  and  visitors  in  attendance. 

The  following  action  of  the  Board  of  Directors,  taken  at  their  meeting  on 
Februar>^  13,  1913,  was  reported: 

Mr.  Wm.  Copeland  Furber  was  unanimously  elected  to  fiU  the  vacancy  in  the 
Board  of  Directors  caused  by  the  election  of  Mr.  S.  M.  Swaab  to  the  Vice-Presi- 
dency. 

The  Secretary  reported  the  following  deaths: 

Eugene  E.  Dunlap,  elected  to  active  membership  December  7,  1907  who  died 
January  16,  1913. 

John  Fritz,  honorary  member,  elected  May  4,  1901,  who  died  Februa  y  13, 
1913. 

On  motion  the  President  was  instructed  to  appoint  a  committee  to  prepare 
a  memoriam  on  the  death  of  John  Fritz,  honorary  member.  The  president 
appointed  the  following  committee:  John  Birkinbine,  Edwin  F.  Smith,  Joseph 
T.  Richards  and  J.  Chester  Wilson. 

The  Secretary  announced  the  election  by  the  Board  of  Directors  at  their  meeting 
on  February  13,  1913,  of  the  following  new  members: 

Active  Members — C.  Willis  Adams,  H.  Bruce  Armstrong,  Horace  C  Dickey, 
Henry  J.  Edsall,  Robert  H.  Femald,  B^skine  Hazard,  Walter  S.  Hine,  Joseph  A. 
MacLennan,  Horace  E.  Rice,  Coleman  Sellers,  Jr.;  James  Smith  Watson,  R. 
Wayne  Wetherill. 

Associate  Members — Joseph  W.  Breen,  Charles  E.  Cobum,  J.  Richard  Jackson, 
Leslie  S.  McPherran,  Richard  G.  Ward. 

Junior  Members — Charles  D.  Williams. 

The  question  of  the  revision  of  the  Charter  was  discussed  and  the  following 
resolution  unanimously  adopted: 

Resolved,  That  the  Board  of  Directors  be  authorized  to  obtain  a  Charter,  which, 
while  preserving  the  intent  of  the  present  Charter,  will  eliminate  its  inconsis- 
tencies. 

Mr.  Manton  E.  Hibbs,  active  member,  presented  the  paper  of  the  evening, 
entitled  "The  Unwritten  Law,"  which  was  discussed  by  Messrs.  E.  M.  Nichols, 
W.  C.  Furber,  W.  F.  Ballinger,  E.  Perrot,  H.  H.  Quimby,  John  C.  Trautwine,  Jr. 
and  D.  E.  Dallam,  Chairman  of  the  Legislative  -Committee  of  the  Real  Estate 
Brokers'   Association. 

Regular  Meeting,  March  Ist,  1913 

The  meeting  was  called  to  order  at  8:45  P.  M.  by  Vice-President  Swaab,  with 
80  members  and  visitors  in  attendance.  The  minutes  of  the  meeting  held  on 
February  15th,  1913,  were  approved  as  printed  in  abstract. 

Mr.  Francis  Donaldson,  Chief  Engineer,  T.  A.  Gillespie  Company,  New  York, 
N.  Y.,  presented  the  paper  of  the  evening,  entitled,  "The  Sinking  and  Lining  of 
Shafts,"  which  was  discussed  by  Messrs.  Eli  T.  Conner,  H.  M.  Chance,  W.  C. 
Furber  and  S.  M.  Swaab. 

A  vote  of  thanks  was  extended  to  Mr.  Donaldson  for  his  interesting  paper. 
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ABSTRACT  OF  MINUTES  OF  THE  BOARD  OF 

DIRECTORS 


Regular  Mxkting,  January  IQth,  1913. — ^Piresent:  F^rerident  HesB,  Vke-IVHK 
dent  Mebus,  Directors  Worley,  Vogleson,  Berry,  the  Secretary  and  the  TVeamirer. 
Dr.  Henry  Leffmann,  Chainnan  of  the  Trusteee  of  the  Bond  Redemptkm  Fund, 
was  present,  upon  request,  in  order  to  advise  the  Board  relative  to  the  establish- 
ing  of  a  special  sinking  fund  for  bond  redemption. 

The  Treasurer's  Annual  Report,  certified  to  by  the  auditors,  was  read  and 
approved. 

The  Secretary's  report  and  the  annual  report  of  the  Board  of  DirecCorB  wen 
read  and  approved. 

The  following  resignations  were  read  and  accepted:  W.  K.  Martin,  C.  W. 
Simon,  R.  H.  Klauder,  C.  D.  Ehret,  John  Meigs,  S.  £.  Fairchild,  J!r.,  R.  K.  Shep" 
pard,  Philip  L.  Spalding,  George  L.  Thompson,  J.  A.  Colby,  J.  O.  .Clarice  and  A. 
J.  Menocal. 

Mr.  E.  M.  Bassett  was  reinstated  to  membership  as  of  July  Ist,  1912. 

On  motion,  the  Secretary  was  instructed  to  draft  a  set  of  resolutions  in  regard 
to  Mr.  Hewitt's  resignation,  and  transmit  the  same  to  Mr.  Hewitt,  with  a  letter. 

Reports  of  the  Publication  Committee,  House  Committee,  Library  Coomiittee 
and  Committee  on  Public  Relations  were  presented  and  approved. 

The  Membership  Committee's  report  was  read  and  approved,  and  the  f<rflowiag 
were  elected  to  membership: 

Active:  John  A.  Coyle  and  Walter  Dalton. 

Associate:  John  C.  Bartlett,  Henry  Franz  and  George  Wood. 

Junior:  William  F.  Carson  and  W.  A.  Sloan. 

The  report  of  the  Business  Manager  was  presented  and  approved. 

The  matter  of  legal  quorum  was  reported  by  the  special  committee  on  this 
question,  and  the  report  was  accepted  and  the  Committee  discharged  with  thanks. 
The  entire  matter  was  then  referred  to  Mr.  Mebus,  with  authorization  to  refer 
the  same  to  a  competent  attorney  for  his  advice  as  to  the  legality  of  the  vieuioua 
questions  raised,  report  to  be  made  at  the  next  Board  meeting. 

The  Business  Manager  was  authorized  to  negotiate  a  liability  insurance  with 
the  firm  of  Hoskins  and  Howell,  premium  of  $43.74  to  be  paid,  covering  a  period 
of  three  years. 

It  was  moved  and  carried  that  the  Manager's  contract  be  continued. 

The  Business  Manager  was  instructed  to  secure,  free  of  cost  to  the  Club,  es* 
cept  for  the  cost  of  installation,  the  loan  of  a  meter  for  a  month,  to  determine 
the  Watt  consumption  of  the  pump. 

Upon  report  from  the  Manager  regarding  Mr.  B.  J.  Sullivan's  account,  the 
Treasurer  was  ordered  to  cancel  Mr.  Sullivan's  account  from  the  books  and  slrike 
his  name  from  the  rolls. 

It  was  moved  and  carried  that  the  sum  of  $850.00  previously  provided  for 
(See  minutes  May  19,  1910)  be  increased,  so  that  $500.00  in  addition  to  the  in- 
terest be  applied  for  this  purpose  within  the  next  three  months. 
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Associate — Joseph  W.  Breen,  Charles  E.  Cobum,  J.  Richard  Jackson,  Leslie 
S.  McPherran,  Richard  G.  Ward. 

Junior — Charles  D.  Williams. 

The  resignations  of  £.  H.  Zieber  and  Stanley  G.  Child  were  accepted  as  of 
December  31,  1912. 

The  report  of  the  Business  Manager  was  read  and  the  following^  action  taken 
on  the  matters  presented: 

1.  The  Business  Manager  was  authorized  to  dispose  of  the  old  typewriters  and 
purchase  a  new  one  at  a  cost  not  to  exceed  the  list  price  of  $100.00,  less  whatever 
discount  could  be  obtained. 

2.  It  was  decided  that  letters  relative  to  delinquent  accounts  be  sent  out  over 
the  signature  of  the  Treasurer,  as  in  the  past. 

3.  The  Business  Manager  was  authorized  to  act  as  Trustee  of  the  Christmas 
Fund,  which  was  deposited  in  the  Western  Savings  Fund  Society,  under  '*J. 
M.  Ritchie,  Trustee." 

4.  The  question  of  the  papering  and  painting  of  the  meeting  room  was  r^erred 
to  the  House  Committee. 

The  death  of  Mr.  E.  E.  Dunlap  was  announced,  and  the  Treasurer  was  ordered 
to  strike  off  his  dues  for  the  first  half  of  1913. 

Copy  of  a  letter  sent  by  Mr.  Henry  Hess  to  Prof.  Ira  N.  HoUis,  IVesident  of 
the  Engineers'  Club  of  Boston,  was  read  and  ratified  by  the  Board;  and,  on  mo- 
tion, the  Board  extended  the  privileges  of  this  Club  to  the  Engineers'  Club  of 
Boston. 

Mr.  E.  P.  Haines  and  Mr.  William  VoUmer  were  transferred  to  non-resident 
membership  as  of  January  1,  1913. 

In  view  of  the  fact  that  the  question  of  Revision  of  the  Charter  o.*  the  securing 
of  a  new  Charter  is  to  be  considered  at  the  meeting  of  the  Club  on  Febniarj' 
15th,  the  President  appointed  Messrs.  Charles  F.  Mebus,  S.  M.  Swaab  and  J. 
A.  Vogleson  to  constitute  a  Committee  to  proceed  with  this  matter  along  the 
lines  adopted  by  the  Club  at  the  next  meet  ing. 

The  Treasurer  was  instructed  to  prepare  a  list  of  delinquent  accounts  and  pre- 
sent the  same  at  the  next  meeting  of  the  Board. 

Regular  Meeting,  March  13,  1913. — Present:  President  Taylor,  Vice-Presi- 
dents Plack,  Mebus  and  Swaab,  Directors  Develin,  Gilpin,  Vogleson,  Haideman, 
Yarnall,  Hibbs,  Worley,  the  Secretary  and  the  Treasurer. 

The  President  appointed  the  following  to  serve  on  the  Library  Committee: 
F.  N.  Morton,  A.  L.  Magilton. 

Meetings  Committee:   W.  C.  Furber. 

The  Chairmen  of  the  Publication-Advertising  Committee  and  By-Laws  Coni- 
mittee  were  authorized  to  make  appointments  to  fill  the  vacancies  in  their  Com- 
mittees. 

The  Board  elected  the  following  members  to  serve  as  Tellers  for  the  year  1913: 
E.  J.  Dauner,  L.  H.  Kenney,  G.  Wise. 

The  Treasurer  reported  a  net  gain  to  March  Ist  of  $1,038.11,  as  compeared  with 
$68.19  for  the  same  period  of  1912. 

The  resignation  of  W.  J.  Taggart  was  presented  and  accepted. 
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to  him  by  the  community  as  a  whole.  It  is  well  that  we  should  be  reminded  of 
the  absurdity  of  such  notions;  for  it  is  they  which,  more  than  anything  ebe,  re- 
tard our  progress  toward  civihzation.  Owners  of  "property"  (really  tax-col- 
lectors, though  calling  themselves  "tax-payers")  oppose  every  effort  to  increase 
their  real  wealth  by  means  of  drafts  upon  their  private  or  fictitious  wealth;  and 
we  may  be  sure  that  Mr.  Knowles's  proposed  scheme  of  river  regulation  for  the 
Pittsburgh  district,  will  not  be  put  through  without  encountering  their  lively 
opposition,  although  its  construction  costing,  if  I  remember  rightly,  not  mudi 
more  than  the  mischief  wTought  by  one  severe  flood,  will  eliminate  all  future 
floods.     Such  is  the  wisdom  of  our  wise  men! 

Mr.  Knowles  was  disposed  to  admit  that  this  dream  of  a  worthy  conservatioii 
of  our  water-sources  was  impossible  of  realization.  If  he  will  qualify  this  by 
adding  ' '  within  the  next  few  years, "  1  must  reluctantly  agree  with  him.  It  is 
a  law  of  social,  as  of  physical,  mechanics,  that  the  movements  of  great  nrnuMwi 
cannot  be  suddenly  and  greatly  changed  without  risk  of  damage  somewhere. 
Any  attempt  to  grasp  the  blessing  prematurely  could  result  only  in  lamentable 
failure;  but  the  change  is  coming  about,  quite  as  quickly  as  our  conservative  na- 
tures can  stand  it;  and  any  one  who,  in  imagination,  will  glance  along  the  curve 
of  our  progress  in  this  direction  during  the  last  hundred,  fifty,  twenty-five,  ten, 
two  years,  must  recognize  the  stupendousness  of  the  change  already  accomplished, 
^nd  must  see  that  its  complete  realization,  during  the  lives  of  some  now  living, 
is  as  inevitable  as  its  immediate  accomplishment  is  impossible. 
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The  alienation  of  so  large  a  part  of  the  nation's  land  is  not  whoUj 
a  matter  of  regret.  The  winning  of  the  West  necessitated  terms  of 
land  transfer  that  today  may  seem  far  too  generous.  The  fact  that 
must  not  be  overlooked,  both  as  we  judge  the  past  and  plan  for 
the  future,  is  that  conditions  have  changed.  The  shrinkage  of  the 
national  domain  has  naturally  been  coincident  with  the  Natioii's 
development  in  all  lines  of  industry.  The  Western  prairie  has 
become  the  world's  granary,  and  what  were  once  public  lands  are 
contributing  to  their  private  and  corporate  owners  no  small  pro- 
portion of  the  world's  output  of  metals  and  of  mineral  fuels.  With 
the  national  growth  on  this  scale,  there  has  come  necessarily  a 
general  increase  in  land  values  and  the  problem  of  finding  land  for 
the  settler  is  already  looming  large  on  the  horizon.  Exploration 
and  exploitation  must  now  be  followed  by  intensive  utilisation. 
With  the  most  and  the  best  of  the  Nation's  land  already  alienated, 
the  task  is  to  put  to  its  best  use  what  remains. 

Engineering  in  its  broadest  sense  stands  for  increased  efficiency 
and  wise  utilization.     The  engineer's  relation  to  the  public  lands 
and  the  nation's  resources  is  simply  that  of  a  constructive  inters 
in  their  best  utilization.      The  public  land  problem    of   today, 
whether  we  view  it  from  the  standpoint  of  a  Federal  officer  or  of  a 
private  engineer,  is  one  of  administration  and  of  legislation.     Your 
interest  like  mine  in  the  matter  is  to  have  the  existing  public  land 
statutes  wisely  and  fairly  administered  and  to  secure  the  enact- 
ment of  other  laws  that  recognize  present  day  needs.     To  enable 
your  engineers  to  do  your  part  in  securing  the  highest  use  of  the 
great  resources  now  in  public  ownership,  you  need  and  deserve 
definite  and  prompt  administration  of  the  public  lands — adminis- 
tration that  is  not  a  paper  administration,  but  one  based  up)on 
consideration  of  the  same  physical  facts  that  you  must  determine 
and  coordinate  in  your  plans  for  development  and  use.     So  too, 
our  interest  as  American  citizens,  you  as  the  technical  adviser  of 
Capital  and  its  active  representatives  in  the  great  projects  for  in- 
dustrial progress  and  others  of  us  as  the  technical  advisers  of  the 
Nation's  executive  and  the  people's  representatives,  in  these  same 
plans  for  national  development,  should  lead  us  to  unite  in  secur- 
ing legislation  adapted  to  promote  the  wisest  use  of  the  nation's 
resources.     In  the  widest  sense  our  interests  are  the  same,  because 
our  purpose  should  be  identical,  the  greatest  industrial  develop- 
ment of  the  country,  but  a  development  that  will  promote  citizen- 
hip  as  well  as  turn  the  wheels  of  industry. 
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physical  conditions  giving  value  to  those  lands  and  controlling 
their  highest  utilization. 

Not  only  is  the  engineer  interested  in  the  right  classification  of 
land  in  order  that  he  may  not  be  an  accessory  or  instrument  of 
fraudulent  practice,  but  he  does  not  want  to  be  connected  with  an 
engineering  project  that  involves  large  economic  waste.  Your 
professional  code  opposes  your  contributing  your  technical  skill  to 
a  mining  development  or  an  irrigation  scheme,  or  a  hydro-electric 
installation  whose  only  possible  purpose  is  the  taking  of  a  pro- 
moter's profits  before  that  day  of  reckoning  when  the  balance  is 
struck  between  cost  and  value.  Therefore,  you  and  I  are  alike 
interested  in  'knowing  the  facts  of  land-classification  that  will 
prevent  the  construction  of  reservoirs  and  canals  for  a  Carey  Act 
project  where  the  water  supply  is  insufficient  or  the  soil  unsuited 
to  irrigation.  We  will  agree  that  power-sites  should  be  used  as 
such  and  not  as  homesteads;  that  mineral  lands  should  be  acquired 
by  mining  men  for  mine-development  and  not  by  non-resident 
capitalists  for  the  timber  value;  that  irrigable  lands  should  be 
irrigated  and  not  dry-farmed;  and  that  reservoir  sites  should  be 
used  to  promote  irrigation  or  power  development,  and  not  as 
cattle  ranches. 

The  need  of  a  definite  and  reliable  classification  of  the  public 
lands  is  self-evident,  and  the  recognition  of  its  value  is  no  recent 
discovery,  yet  only  within  the  past  few  years  has  scientific  classifica- 
tion of  our  public  lands  been  given  a  definite  place  in  the  adminis- 
tration of  the  national  domain.     It  is  true  that  in  1879,  "classifica- 
tion of  the  public  lands''  was  made  the  first  of  the  statutory  func- 
tions of  the  United  States  Geological  Survey  then  created;  but  this 
duty  was  for  over  twenty-five  years  subordinated  to  the  general 
task  of  investigating  the  public  domain  and  its  resources.     Again 
in  1888,  the  Director  of  the  same  federal  service  was  entrusted  with 
the  segregation  of  the  irrigable  lands  and  the  selection  of  reservoir 
sites,  but  this  irrigation  survey  later  narrowed  itself  into  the  spe- 
cific work  of  the  Reclamation  Service  under  the  Reclamation  Act 
of  1902,  while  the  functions  of  stream  measurement  and  investiga- 
tion of  water  resources  continued  bj'  the  Geological  Survey  only 
very  recently  began  to  be  recognized  as  a  necessary  basis  for  public 
land  classification  and  administration. 

The  present  system  of  land-classification,  its  contribution  to 
public  land  administration,  and  its  relation  to  the  engineering 
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Naturally,  the  jBelds  of  the  irrigation  and  power  engineers  over- 
lap, especially  in  view  of  the  fact  that  the  1891  irrigation  law  con- 
veys a  grant  to  the  public  lands  needed  for  an  irrigation  right-crf- 
way,  while  under  the  ISOl  power  act  only  a  revocable  permit  for 
power  development  can  be  secured.  The  natural  tendency,  there- 
fore, has  been  to  call  practically  every  proposed  development  an 
irrigation  project,  even  where  the  'irrigation"  company  is  dis- 
covered to  have  offered  to  contract  for  the  sale  of  all  the  hydro- 
electric power  developed  for  long  distance  transmission,  but  to 
have  perfected  no  plans  for  contractual  relations  with  owners  <rf 
irrigable  land  in  the  vicinity. 

The  withdrawal  of  power-sites  by  the  Federal  Government  to 
the  extent  of  nearly  two  million  acres  has  not  been  actuated  by 
any  desire  to  arrest  the  industrial  development  of  the  West,  but 
these  executive  acts  have  the  constructive  purpose  of  insuring  the 
highest  use  of  these  most  valuable  portions  of  the  public  domain. 
The  conflict  in  the  use  of  our  public  land  streams  for  municipial, 
irrigation,  and  power  purposes  is  fully  recognized,  and  one  of  the 
Survey  engineers  has  recently  published  a  discussion  of  these 
relative  values.  Not  only  the  dominant  temporary  use  of  a  par- 
ticular stream,  but  its  highest  ultimate  utilization  must  be  con- 
sidered. By  this  procedure  the  irrigation  use  will  be  given  the 
preference  in  one  case,  the  power  development  in  another,  while 
in  a  third  the  stream  may  be  harnessed  so  as  to  serve  effectively 
both  uses.  It  is  readily  appreciated  by  an  engineer  that  the  com- 
plexity of  the  problem  only  stimulates  the  desire  to  attain  the 
proper  solution  and  make  the  administrative  action  on  a  pending 
application  such  as  to  aid  highest  utilization. 

Here  again,  unfortunately,  the  executive  oflScer  at  Washington 
often  finds  his  hand  tied,  though  his  ejTs  are  open  to  the  needs  of 
the  situation.  The  statutes  that  control  give  too  little  discre- 
tionary power  and  demand  revision  to  meet  the  business  require- 
ments of  today.  Thus  another  large  opportunity  presents  itself 
to  the  engineers  for  ccoperation  in  the  securing  of  legislation  that 
will  afford  capital  the  desired  measure  of  safety  in  its  investments 
and  at  the  same  time  safeguard  the  public  against  both  wasteful 
competition  and  unregulated  monopoly.  No  one  can  bring  to 
this  difficult  task  a  better  equipment  of  training  and  experience 
than  the  engineers  of  the  country,  and  a  lobby  at  Washington  of 
engineers  with  high  ideals  of  profession  and  citizenship  would  be 
a  power  for  good. 
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the  needs  of  the  West.  In  the  case  of  the  representatives  of  the  West,  too  often 
there  is  lack  of  agreement  as  to  what  requirements  of  the  E^ast  should  be  met. 
I  think  there  is  some  agreement  at  the  present  time  along  the  line  of  reviskm  of 
our  mineral  laws;  I  think  the  oon>ensus  of  opinion  is  that  there  should  be  some 
such  revision  of  our  land  laws,  and  I  think  what  is  needed  more  than  anything 
else  is,  what  I  have  already  indicated,  concerted  action  on  the  part  of  the  various 
engineering  bodies  of  the  country  looking  to  a  movement  whereby  not  only  wiQ 
the  courts  be  stimulated  to  make  the  needed  requirements,  but,  in  iw firing  those 
amendments,  will  be  guided  by  your  knowledge  of  what  is  needed.  Congress 
in  quite  a  few  cases  has  acted  quite  promptly.  The  withdrawal  of  1910  providM 
for  the  control  of  these  tracts  of  land  very  plainly,  with  the  purpose  of  with- 
holding land  from  proper  entry  pending  the  enactment  of  a  law  which  will  pro- 
vide for  their  proper  entry  and  their  alienation,  or,  in  many  cases,  their  leases 
under  proper  terms  and  conditions.  I  think  progress  is  being  made,  but  it  is 
rather  slow. 

Mr.  Balunoer. — Has  there  been  any  objection  on  the  part  of  the  Govern- 
ment to  preparing  a  bill  which  would  amend  those  conditions? 

Dr.  Smith. — In  that  connection  I  may  say  that  within  the  past  five  yem 
we  have  drafted  biUs  almost  without  end,  and  such  bills  have  been  introduced, 
but  no  action  has  been  taken  on  them,  largely,  I  think,  because  of  considerable 
objection  to  the  leasing  principle;  but  that  objection  is  fast  passing  away  in  the 
West.  In  the  case  of  oil  lands,  some  of  the  men  on  the  ground  see  no  disadvan- 
tage in  leasing  from  Uncle  Sam,  as  contrasted  with  leasing  from  the  man  who 
got  it  from  Uncle  Sam  for  nothing. 

There  is  one  matter  that  is  pending  even  now,  a  draft  of  a  leasing  law  for  pot- 
ash deposits.  It  is  now  before  the  Secretary  of  the  Interior  for  his  considera- 
tion. There  are  certain  interests  that  are  very  much  interested  in  getting  some 
method  of  working  the  deposits  of  Searles  Lake  for  instance,  in  Southern  Cali- 
fomia,  and  it  looks  to  some  of  us  as  if  the  different  interests  might  get  together, 
and  if  they  do,  and  all  push  together,  the  probable  result  would  be  that  Congress 
would  pass  the  law.  In  other  words  such  a  thing  as  that  can  be  done  very 
speedily  if  everybody  is  pushing  on  the  same  end  of  the  proposition;  it  is  when 
they  are  divided  and  pushing  on  opposite  ends  that  nothing  is  done. 

Mr.  E.  M.  Nichols. — Can  you  state  relatively  the  value  of  the  potash  de- 
posits of  Searles  Lake  in  comparison  with  the  German  deposits  of  phosphates 
and  potash? 

Dr.  Smith. — I  think  I  would  be  going  pretty  far  if  I  made  such  a  comparison, 
but  I  believe  there  is  a  large  quantity  of  potash  that  is  available,  and  some 
engineers  who  have  investigated,  believe  that  it  can  be  extracted  at  a  cost  that 
will  enable  the  product  to  reach  the  Mississippi  Valley,  for  instance,  and  com- 
pete with  the  German  product,  not  at  the  present  prices  of  the  Grerman  product, 
but  at  the  price  to  which  the  German  producers,  it  is  beheved,  can  lower  their 
product.     Of  course,  cheaper  potash  ought  to  reduce  the  high  cost  of  Uving. 

Mr.  Nichols. — What  are  the  transportation  difficulties  in  getting  to  the 
Mississippi  Valley? 
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out  a  circular  letter  in  order  to  get  the  ideas  of  representative  people  on  thi» 
matter  and  I  understood  from  Mr.  Winchell  that  the  replies  were  pneikaiDj 
unanimous  to  the  effect  that  the  Apex  Law  should  be  done  away  with.  There 
seems  to  be  a  consensus  of  opinion,  but  an  absence  of  action. 

In  regard  to  the  other  laws,  I  do  not  know  that  there  is  any  frimilar  concerted 
movement.  I  think  we  would  make  a  mistake  if  we  tried  to  do  too  much  with 
any  one  law.  We  have  made  the  placer  law  a  sort  of  panacea.  When  ofl  wa» 
discovered  in  California,  we  said  we  will  pass  a  law  to  fit  the  case,  and  we  simply 
applied  the  placer  law  to  the  case  of  oil.  When  placer  gold  is  discovered,  it  i» 
discovered  in  many  cases  on  the  surface,  whereas  the  discovery  of  oil  necessitates^ 
the  work  of  months  and  the  expenditure  of  tens  of  thousands  of  doHan,  and 
during  that  period  in  which  money  was  being  expended  freely,  there  exists  not 
only  the  possibihty  of  jimiping  the  claim  by  putting  up  other  paper  locations, 
but  there  was  also  the  possibility  of  a  man  with  more  capital  and  a  better  lig 
coming  in  and  drilling  at  a  faster  rate,  and  striking  oil  first;  he  might  pump  it 
all  away  from  the  first  man,  and  what  would  be  considered  the  original  man  od 
the  ground  was  absolutely  without  recourse.  I  think  that  is  the  trouble  with 
trying  to  do  too  much  i^ith  one  law. 

Now  there  was  asked  the  question,  why  could  we  not  apply  the  law  for  pot- 
ash to  phosphate  as  well?  Well,  phosphate  could  better  be  compared  to  cosi 
in  its  occurrence.  The  amount  of  area  that  a  man  should  be  given  for  potash 
is  quite  different  to  the  area  a  man  should  be  given  for  phosphate.  The  trouUfr 
with  such  an  occurrence  is,  for  instance  at  Searles  Lake  it  is  only  20  feet  bdow 
the  surface,  and  you  get  the  brines  all  ready  to  pump  it  out. 

Mr.  Nichols. — Isn't  it  largely  a  mere  shovel  proposition? 

Dr.  Smith. — No,  it  is  a  pumping  proposition,  and  if  a  man  wants  to  get  it 
out,  he  needs  control  of  a  large  part  of  that  concentration  basin.  As  a  Phila- 
delphia man  says,  you  need  to  have  only  one  acre,  and  you  can  dig  a  hole  and 
pump  the  whole  thing  dry  for  a  mile  around.  I  think  it  was  the  same  Philsr 
delphian  who  said  you  only  need  one  straw  to  drain  a  mint-julep. 

Mr.  Dubois. — Is  there  any  basis  for  the  remarks  as  to  a  change  in  the  Apex 
law?  The  fact  would  seem  pertinent  that  a  great  majority  of  the  Members  of 
Congress  are  law>'er8,  and  are  therefore  interested  to  see  that  the  right  kind  of 
legislation  is  going  on.  Is  there  any  real  basis  for  getting  away  from  the 
Apex  law? 

Dr.  Smith. — I  think  I  can  quote  one  ex-representative  from  the  State  of 
Nevada,  who  \\Tote  me  that  he  saw  I  had  come  out  against  the  Apex  law.  He 
said  the  Apex  law  has  been  the  salvation  of  the  Western  lawyer,  and  if  you  do 
away  with  it,  the  miners  wiW  get  all  the  money  and  the  lawyers  none. 

Dr.  Hering. — When  the  land  grants  were  made  to  the  Western  railroads,  did 
they  exclude  or  include  mining  rights? 

Dr.  Smith. — Those  grants  excluded  mining  rights,  with  the  exception  of  oosl 
and  iron,  which  should  be  considered  as  not  a  mineral  for  the  purpose  <rf  this 
act,  it  being  considered  that  coal  and  iron  ^^  ere  essential  to  the  construction  and 
operation  of  the  railroads,  so  that  the  Northern  Pacific  and  the  Union 
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the  purposes  of  the  Navy  there  has  been  a  permanent  reserve  created,  inchidmK 
some  of  the  land  that  is  contested  in  the  courts  between  the  Government  and  Uie 
Southern  Pacific  Raih-oad. 

Dr.  Hering. — Is  it  known  what  the  value  of  these  coal  lands  are  in  A]aflla^ 
about  which  there  has  been  great  dispute  in  the  last  two  years? 

Dr.  Smith. — That  question  is  yet  in  dispute.  Take  the  lands  in  the  Bering 
River  field,  the  lands  that  were  claimed  by  the  Cunningham  group  of  clammnta; 
there  is  coal  in  large  quantity  there,  but  the  groimd  is  badly  faulted  and  dis- 
t\u*bed,  and  it  is  a  matter  that  needs  very  careful  engineering  and  exploratioD 
to  determine  just  how  valuable  those  coals  are.  The  quantity  is  there  and  the 
coals  must  be  good,  but  the  costs,  I  believe,  are  going  to  be  greater  than  some 
of  the  magazine  articles  indicate. 

Wliile  we  have  been  discussing  coal,  the  California  oil  has  taken  the  full  market 
for  the  Pacific  Coast,  and  I  believe  the  California  oil  will  dominate  the  Pacific 
Coast  market. 

Dn.  Hering. — Have  the  people  any  rights  to  the  oil  lands  in    California? 

Dr.  Smith. — There  are  large  areas  that  have  not  been  touched.  No  one 
has  been  able  to  enter  that  land,  at  any  rate  since  the  withdrawals  of  July,  1910. 
All  over  the  fields  there  are  unpatented  lands,  but  even  there  it  is  a  question  of 
what  is  the  range  of  pumping.  I  thought  that  the  oil  under  those  Isjids  was  a 
very  mobile  affair  and  it  could  be  compared  to  that  mint-julep  propositioiL 
But  after  being  on  the  ground  and  hearing  the  testimony  of  the  most  experienced 
drillers,  it  looks  as  if  it  was  diflUcult  to  pump  your  neighbor's  land.  You  can 
take  the  gas  pressure  away  from  him,  but  as  to  pumping  dry  his  land  at  some 
distance  from  yoiu*  wells,  it  would  take  some  time  to  do  that.  Take  Derrick 
Avenue  at  Coalinga,  it  was  found  that  some  of  the  wells  on  that  Avenue  at  no 
groat  distance  from  where  wells  had  been  pumping  for  many  months,  the  later 
wells  had  calmest  as  good  a  flow,  but  they  were  pumping  wells  from  the  start. 
There  wa.<*  no  gas  pressure  there;  the  gas  pressure  had  been  taken  by  the  earlier 
well,  but  tliey  were  good  pumping  wells  and  they  kept  up,  and  ap|>arently  the 
land  on  one  side  was  holding  as  well  as  on  the  other. 

Mr.  Lehman. — How  does  that  coal  in  Alaska  compare  with  our  coal  here? 

Dr.  Smith. — You  could  compare  it  with  the  Pittsburgh  or  Pocohontas  coal* 
When  we  were  being  investigated  I  could  have  given  you  the  B.  T.  U.'s  of  these 
coals,  but  we  have  forgotten  some  things  that  we  were  primed  with.  I  am  speak- 
ing of  the  Boring  River  and  the  Mantanuska  coals;  those  are  the  two  most  prom- 
ising. The  fields  are  not  so  large  ajs  some  of  the  fields  in  the  States.  Whether 
it  is  a  marketable  fuel  at  this  time  I  do  not  know,  it  is  a  question  of  depth.  The 
demand  for  coal  on  the  Pacific  Coast  is  not  very  great.  It  would  take  only  a  few 
of  your  pood  sized  Pennsylvania  mines  to  meet  the  whole  demand  of  the  Pacific 
Coast.  You  see  we  have  coal  from  Au.stralia  coming  in  there,  and  those  coab 
come  in  under  conditions  that  are  not  dependent  upon  the  local  coal  market. 
Ships  come  in  there  with  coal  for  ballast.  At  the  time  the  Survey  made  a  review 
of  the  coal  resources  o  the  United  States,  some  ten  years  ago,  I  summarised 
the  conditions  on  tlie  Pacific  Coast,  as  I  wivs  working  then  in  the  State  of  Wash- 
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are  not  six  months  old  yet.     It  is  all  too  short  a  time  in  which  to  take  up  a  prop- 
osition of  that  sort. 

Mr.  Nichols. — ^Are  you  doing  any  photographic  survey  work  in  the  United 
States? 

Dr.  Smith. — No,  not  in  the  United  States  proper,  only  in  Alaska. 

Dr.  Hering. — Is  the  boundary  'ine  located  now  all  the  way  to  the  Arctie 
Ocean? 

Dr.  Smith. — Yes,  I  believe  it  is. 

Dr.  Hering. — Is  the  Alaska  steaming  coal  as  good  as  the  Peimaylvaiua  coal? 

Dr.  Smith. — I  think  it  is. 

Dr.  Hering. — How  would  the  coal  fields  of  Australia  and  China  compare 
with  the  coal  fields  of  the  other  countries  of  the  world? 

Dr.  Smfth. — I  do  not  think  we  know  enough  about  China  to  make  any  com- 
parison. 

Mr.  Nichols. — Is  there  any  restriction  on  the  exportation  of  coal  fitjm 
Great  Britain? 

Dr.  Smith. — I  think  there  has  been  recently.  I  was  talking  with  the  Director 
of  the  British  Survey  some  years  ago — I  knew  that  he  had  been  a  member  of  the 
Royal  Commission  to  take  up  the  question  of  coal  supply,  and  I  asked  him  if 
his  Commission  made  any  recommendation  that  the  export  of  coal  be  prohibited. 
He  said  the  Commission  did  consider  it,  but  they  did  not  want  to  make  any 
recommendation  that  might  be  laughed  at  by  future  generations.  He  said  that 
when  the  English  army  depended  upon  bows  and  arrows  for  its  fighting  material, 
the  cry  went  up  that  yew  wood  was  giving  out  and  there  would  soon  be  insuf- 
ficient yew  to  make  the  bows  out  of  in  England,  while  Germany  had  imm^ise 
forests  of  yew,  and  it  was  predicted  that  when  the  supply  in  England  was  ex- 
hausted, the  Germans  might  come  over  and  take  possession  of  the  island.  Like- 
wise, the  Admiral  who  succeeded  Nelson  decided  that  the  supply  of  oak  timber 
would  soon  be  expended  and  there  would  not  be  enough  to  build  any  more  ships 
of  war,  and  when  he  was  an  old  man  he  would  go  about  with  a  pocket  full  of 
acorns  and  a  long  walking  stick.  He  would  make  a  hole  in  the  ground  ¥rith  the 
end  of  his  stick  and  plant  an  acorn  wherever  he  could.  Some  of  those  oak  trees 
are  now  ready  to  furnish  timber  for  the  battleships!  Therefore,  bearing  in 
mind,  I  suppose,  some  of  these  predictions  of  history,  the  Commission  did  noi 
make  any  recommendation  regarding  coal  exports.  They  realized,  moreoTV, 
that  it  might  interfere  in  a  serioiLs  way  with  the  whole  complex  arrangement 
of  manufactures  and  commerce. 

Q.  (Mr.  ?). — Would  you  discuss  briefly  the  prospects  of  the  use  of  the  oil 
shales  in  the  middle  West? 

Dr.  Smith. — Similar  oil  shales  are  and  have  been  used  for  a  long  time  ill 
Scotland  for  making  a  kind  of  mineral  oil,  but  I  do  n>t  think  the  time  has 
for  their  profitable  use,  when  we  have  crude  oil  selling  as  low  as  it  is  in 
parts  of  the  countr>'. 
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Manhattan    Bureau    of    Building    Inspection.      1902-1911. 
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Area  of  Manhattan,  22  square  miles. 
DwelUngs  in  Manhattan  (1910),  75,  410. 
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I  have  merely  suggested  the  workings  of  the  '^Unwritten  Law/ 
Let  the  makers  of  our  laws  differentiate  between  laws  and  regula- 
tions, making  public  safety  as  a  whole  the  object  of  the  former, 
and  structural  strength  by  the  bureau  the  aim  of  the  latter:  be 
wary  of  clauses  giving  present  structure  a  long  lease  of  life;  give  a 
better  classification  of  buildings,  pay  more  liberal  appropriation  to 
bureaus,  pay  more  attention  to  exits,  and  place  the  fire  drill  in 
its  right  position,  and  you  will  have  gone  a  long  way  to  curb  what 
-I  have  termed  the  '^Unwritten  Law." 
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Motor  Vehicles 

About  fifteen  years  ago  the  automobile  made  its  first  ap|lel^ 
ance  upon  the  streets  of  our  cities  as  a  practicable  pleasure  v^ 
hide.  Today  over  one  million  machines  are  hurrying  and  scuny- 
ing  through  the  highways  and  byways  of  our  vast  land.  Aia 
pleasure  vehiclei  the  automobile  has  practically  displaced  & 
horse-drawn  carriage,  not  because  it  is  a  cheaper  form  of  ttansixv- 
tation,  but  because  one  can  go  farther  and  faster  and  have  man 
fun.  While  the  large  number  of  pleasure  cars  has  not  been  withoot 
some  effect  on  passenger  transportation,  especially  intra-monl 
and  suburban,  this  has  been  small  in  comparison  with  the  volume 
of  the  business,  and  merits  no  further  consideration. 

Within  a  very  few  years,  however,  the  self-propelled  vehicle  his 
been  applied  to  uses  other  than  pleasure,  and  promises  to  becooK 
a  real  factor  in  the  transportation  problem.  I  refer  to  the  n^idly 
increasing  adaptation  of  the  motor  truck  to  commercial  uks» 
which  greets  one  on  all  sides  in  and  about  our  larger  cities.  Tie 
mere  fact  that  progressive  merchants,  manufacturers  and  eoQ- 
tractors,  to  whom  the  question  of  dollars  and  cents  is  of  paiamout 
importance,  are  committing  themselves  to  motor  trucks  for  it- 
livery  and  haulage  purposes  is  sufficient  evidence  of  the  economical 
advantages  over  horsedrawn  vehicles. 

Motor  trucks  are  now  manufactured  with  capacities  up  to  10 
tons,  and  by  suitable  modifications  of  their  bodies  are  adapted  to 
a  wide  range  of  special  services.  Greater  loads  and  greater  speeds 
have  established  conclusively  the  economy  of  the  motor  as  com- 
pared with  the  team  for  all  classes  of  city  and  suburban  deliveiy 
where  good  roads  are  available.  Under  favorable  conditions  i 
heavy  truck  will  negotiate  300  to  400  ton  miles  per  day,  as  mudb 
as  7  to  10  teams  of  horses.  A  prominent  maker  of  motor  trucks 
claims  a  cost  of  4  ^  cents  per  ton  mile  as  compared  with  11  cente 
for  teaming. 

Although  motor  truck  transportation  is  still  in  its  infancy,  it 
has  already  assumed  formidable  proportions.  Many  manufac- 
turers of  pleasure  cars  have  added  commercial  cars  as  a  branch  d 
their  business,  while  other  concerns  limit  their  output  entirely  to 
this  class,  and  all  are  prospering.  Aside  from  its  already -estab- 
lished advantages  as  a  means  for  delivery  and  haulage  withiA 
cities  and  their  immediate  suburbs,  there  are  other  poasilHlities 
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its  effect  inappreciable  at  a  distance  of  1,000  feet.  In  a  chaimd 
770  feet  wide  and  12  feet  deep,  while  running  at  11  miles  per  hoar 
the  swell  at  the  shore  measured  5.5  feet  from  hollow  to  crest 
Ordinarily  the  provision  of  purely  artificial  channels  of  adequite 
dimensions  to  permit  of  free  and  easy  navigation  will  involve  ao 
large  a  capital  outlay  as  to  make  economical  returns  without  a  voy 
large  volume  of  traffic.  Comparisons  of  rail  and  water  rates  aze 
frequently  misleading  for  the  reason  that  no  account  is  taken  of 
the  capital  charges  against  the  cost  of  channel  improvements  whet 
these  improvements  are  made  at  the  expense  of  National  or  State 
Governments.  A  correct  analysis  of  transportation  charges  ot 
existing  water  routes  in  which  capital  and  operating  charges  ut 
included  will  reveal  the  fact  that  water  rates  are  often  higher  thai 
railroad  rates.  Government  expenditures  on  water  routes  are  not 
infrequently  supported  by  the  plea  that  even  if  they  do  not  devdop 
a  traffic  that  will  show  retiuns,  they  serve  the  public  indirectly  bjr 
acting  as  a  corrective  on  exorbitant  railroad  charges.  Granting 
this  to  be  true  in  certain  cases,  it  would  appear  that  a  more  certaii 
and  less  expensive  method  for  correcting  railroad  rates  might  be 
devised. 

In  Eiu-ope  inland  water  transportation  makes  a  better  showing 
than  in  the  United  States,  and  water-borne  traffic  is  still  a  factor 
in  internal  commerce.  This  is  accounted  for,  partly  at  least,  by 
the  fact  that  in  European  countries  centers  of  population  and  of 
industry  were  located  on  available  water  routes  long  before  the 
advent  of  the  railroads,  and  that  trade  accustomed  itself  to  this 
mode  of  transportation.  When  the  railroads  made  their  appear- 
ance in  the  United  States  much  of  the  country  was  still  an  un- 
developed wilderness.  The  new  agent  of  transportation  with  its 
flexibility  and  independence  of  topographical  conditions  permitted 
the  establishment  of  towns  and  industries  without  reference  to 
water  routes,  and  at  points  where  water  transportation  is  eco- 
nomically impossible.  The  shorter  hauls  and  denser  populations 
of  European  countries  also  favor  water  transportation.  Ger- 
many, vni\i  200,000  square  miles  and  65,000,000  people  has  one 
mile  of  railroad  for  each  1,600  population,  as  against  one  mile  for 
each  400  in  the  United  States.  But  even  in  Europe  many  of  the 
old  time  canals  are  failing  to  show  economic  returns  and  are  ex- 
periencing a  declining  traffic. 

The  fact  that  haulage  charges  are  admittedly  lower  by  water 
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been  accompanied  by  a  continued  increase  in  the  size  of  the  Idb 
boats  and  a  reduction  in  freight  rates.  In  1859,  the  largest  veaseb 
averaged  700  tons  net  register,  with  the  12-foot  draft  ayulabie. 
In  1890,  when  the  16-foot  navigation  had  been  finished,  the  av- 
erage net  registered  tonnage  of  the  large  vessels  had  grown  to  1,500 
tons.  With  the  present  20-foot  navigation  the  largest  veaseb 
carry  cargoes  of  8,000  to  10,000  tons.  In  1890,  the  average  lake 
freight  rate  was  1.5  mills  per  ton  mile;  in  1912  it  was  reported  al 
.67  mill  per  ton  mile.  These  rates,  of  course,  do  not  include  capitil 
charges,  on  account  of  improvements  of  the  waterways,  which  are 
a  gift  of  the  Government.  So  large  is  the  traffic,  however,  thai 
the  inclusion  of  capital  charges  would  not  increase  the  freight  rale 
materially. 

The  astonishingly  low  freight  rate  on  the  Great  Liakes  is  the 
result  not  only  of  the  potential  economy  of  water  transportatioii, 
but  also  to  the  development  of  special  transportation  facilities  for 
a  more  or  less  special  transportation  service.  The  bulk  of  the 
freight  consists  of  ore,  coal  and  grain,  commodities  which  can  be 
quickly  loaded  and  unloaded,  thus  reducing  terminal  charges. 
Coal  and  ore  chutes,  car  unloaders,  hoisting  and  conveying  ma- 
chinery and  numerous  hatchways  enable  the  lake  carriers  to  take 
on  or  discharge  cargoes  with  remarkable  speed,  so  that  little  time 
is  lost  in  port.  Such  a  combination  of  favorable  conditions  ns 
obtain  in  the  transportation  business  of  the  Great  Lakes  is, 
of  course,  unusual,  and  the  low  freight  rates  are  in  consequence 
exceptional. 

The  mere  existence  of  a  natural  water  route  is  of  itself  no  guar- 
antee of  an  economical  transportation  service.  Unless  the  route 
has  traffic  possibilities,  it  cannot  show  economic  returns.  The 
great  volume  of  the  traffic  of  the  United  States  has  for  yean 
moved,  and  still  moves,  on  east  and  west  lines.  While  the  traffic 
of  the  Great  Lakes  is  increasing  yearly,  that  of  the  Mississin* 
River  and  its  tributaries  is  at  a  standstill.  Aside  from  obvious 
physical  difficulties,  due  to  floods  and  shifting  channels,  the  directioa 
of  the  river  crosses  the  main  arteries  of  commerce,  and  thi«  of 
itself  is  a  sufficient  handicap  to  prevent  the  realization  of  the 
of  the  waterways  enthusiasts,  who  for  years  have  been 
a  14-foot  channel  from  the  Lakes  to  the  Gulf,  with 
steamers  tied  to  the  banks.  Fortunately,  wiser  cour 
to  have  prevailed,  and  the  danger  of  the  Government 
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in  all  parts  of  the  world.  Staggering  sums  are  being  expended  ai 
the  present  time  to  provide  accommodations  for  the  large  ships  mm 
in  use,  and  one  needs  only  to  consider  the  vast  engineering  worb 
at  Bremen,  Hamburg,  Liverpool,  London,  Havre,  New  Ycnk, 
Buenos  Aires,  and  other  world  ports  to  realize  the  obligations  ihit 
have  been  imposed  by  the  increased  dimensions  of  vessels  and  the 
growth  of  the  world's  traffic. 

It  is  not  only  in  the  matter  of  deeper  and  more  commodiom 
channels  required,  but  also  in  the  enlarged  port  facilities  that  the 
very  large  ships  of  today  are  giving  concern.  The  piers,  dry  docks, 
wet  docks,  and  quay  walls  to  accommodate  these  ocean  monstos 
are  exceedingly  costly,  and  must  eventually  operate  to  limit  growth 
in  size  if  consideration  be  given  to  economical  returns.  Hitherto 
the  extraordinary  growth  of  the  world's  commerce  has  enabled 
costly  port  works  to  be  carried  out  under  conditions  which  have 
either  actually  shown  economic  returns  or  have  been  considered 
justified  by  governments  on  the  ground  of  general  benefits,  regard- 
less of  returns  on  capital  expenditures.  If,  however,  ships  con- 
tinue to  increase  at  the  present  rate,  it  is  certain  that  a  point  will 
be  reached  beyond  which  port  and  governmental  authorities  can 
not  go  in  the  matter  of  providing  acconunodations.  It  may  well 
be  questioned  whether  we  have  not  already  reached  a  point  wh^e 
capital  charges  for  channel  and  port  improvements  do  not  exceed 
the  economies  resulting  from  carriage  in  large  ships. 

As  a  matter  of  fact,  the  costly  harbor  accommodations  now  being 
provided  serve  relatively  few  ships,  engaged  in  special  service  and 
plying  between  great  centers  of  commerce  and  population.  The 
great  bulk  of  the  world's  carrying  trade  is  still  carried  in  ships  <rf 
relatively  modest  dimensions,  and  not  requiring  excessive  channel 
depths.  An  examination  of  the  British  register  of  merchant 
vessels  for  1910  shows  out  of  a  total  of  11,500  steel  ships  above  100 
tons  gross  register,  only  328  exceeding  7,000  tons,  and  only  20  ex- 
ceeding 15,000  tons.  It  is  these  very  few  large  vessels,  carrying  an 
insignificant  part  of  the  world's  commerce,  which  has  forced  the 
huge  expenditures  which  are  now  being  undertaken  for  port  im- 
provements. It  looks  ver>''  much  like  a  case  of  the  tail  wagging 
the  dog. 

The  fact  that  we  have  the  very  large  and  fast  steamers  on  our 
hands  must  be  taken  as  prima  facie  evidence  that  thdr  owners 
expect  economical  returns,  either  directly  or  indirectly.     It  must 
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for  the  largest  vessels  now  afloat  or  building,  and    leaves  some 
margin  for  future  increase. 

In  this  country  it  is  the  policy  of  the  National  Government  to 
provide  the  necessary  approach  channels  to  ocean  ports  and  to 
fix  the  harbor  lines  beyond  which  encroachments  by  riparian  own- 
ers is  forbidden  in  the  interests  of  navigation.  Until  very  recently 
the  development  of  port  facilities  has  been  left  to  the  several 
riparian  owners  without  any  central  or  general  control.  In  Europe 
and  elsewhere  a  different  policy  generally  prevails,  the  administra- 
tion of  the  port  as  a  whole,  including  the  provision  and  mainten- 
ance of  approach  channels,  being  in  the  hands  of  a  single  body,  a 
Board  or  Commission  invested  with  the  needful  legal  authority 
and  deriving  its  funds  from  the  sale  of  bonds,  aided  by  contribu- 
tions from  the  States  and  municipalities.  Charges  are  made  for 
the  facilities  offered,  and  the  revenues  so  derived  are  applied  to 
the  maintenance  and  improvement  of  the  port  and  to  pay  capital 
charges. 

The  principal  requirements  of  a  successful  ocean  port  are: 

1.  An  approach  channel  of  ample  dimensions. 

2.  Ample  dockage  facilities. 

3.  Warehouse  space. 

4.  Freight  handling  machinery. 

5.  Facilities  for  coaling  and  repairs. 

6.  Railroad  connections. 

7.  A  hinterland  affording  traffic  possibilities. 

8.  Low  port  charges. 

9.  A  unit  control  for  the  management  and  development  of  the 
port  facilities. 

Port  administration  as  heretofore  practiced  in  the  United  States 
has  been  characterized  by  haphazard  methods  and  a  general  lack 
of  any  definite  policy  looking  to  future  growth  and  development, 
Out  of  some  50  principal  coast  and  lake  harbors,  only  two,  San 
Francisco  and  New  Orleans,  are  at  present  adequately  admin- 
istered by  a  single  authority  operating  under  State  laws.  While 
other  ports,  like  Boston,  Philadelphia  and  Baltimore,  have  duly 
legalized  port  authorities,  their  usefulness  is  greatly  curtailed  by 
the  fact  that  the  greater  part  of  the  water  front  prop3rty  is  owned 
and  controlled  by  private  and  corporate  interests,  mainly  the 
railroads.  Where  such  conditions  prevail  it  is  too  much  to  hope 
that  these   interests  will  voluntarily  improve  their    propsrty  in 
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THE  PANAMA  CANAL  AS  IT  RELATES  TO  THE 

TREATIES 

Bt  rbab  aomibal  o.  m.  ohestbb  inond}. 

The  most  important  question  before  the  American  people  tod^ 
is  the  Panama  Canal  in  its  relation  to  the  foreign  policy  of  the 
United  States.  We  have,  by  the  action  of  our  Government,  onder 
the  Act  of  Congress  approved  August  24thy  1912,  in  exempting  ov 
coasting  trade  from  canal  tolls,  raised  an  issue  of  honor  with  tk 
nation  with  which  we  are  most  closely  connected  by  ties  of  into** 
ests  and  race.  Honor  should  come  before  interests,  and  the  sofa- 
ject  requires  the  most  careful  treatment  before  the  people  oomnit 
themselves  to  a  policy,  which  is  not  only  opposed  by  TCngiiLnH^  bii 
by  all  other  nations  as  well,  and  which,  if  persisted  in,  will  madf 
lower  the  moral  standing  of  our  country  in  the  eyes  of  the  world. 

Foundation  op  the  Treaties 

It  should  be  remembered  that,  at  the  time  of  the  execution  of 
the  Clayton-Bulwer  Treaty,  England  claimed  sovereignty  over  • 
good  part  of  Central  America,  including  the  Mosquito  Cosstr 
British  Honduras  and  the  Bay  Islands.  The  government  of  the 
United  States,  says  a  good  authority,  alarmed  at  the  prepondff- 
ance  of  British  influence  in  Central  America,  cast  about  for  a  meini 
of  counteracting  it. 

To  oust  England  from  her  strong  position  by  force  was  felt  ta 
be  too  grave  an  undertaking,  even  were  the  United  States  diqioied 
to  attempt  it.  But  the  American  statesmen  of  the  day  wen^  m 
a  rule,  only  intent  in  securing  a  free  transit  across  the  isthmns  B0t 
under  the  exclusive  control  of  any  European  nation.  Thqr  » 
solved  therefore  upon  a  peaceful  and  conciliatory  policy;  if  TUngjidi 
could  not  be  got  rid  of,  she  might  consent  to  act  in  ooQJiinfltioa 


318  Abstrdd  of  Minutes  of  the  Board  of  Chwemors 


ABSTRACT  OF  MINUTES  OF  THE  BOARD  OF 

GOVERNORS. 

Regular  Meeting  of  the  Board  of  Directors,  April  17,  1913. 

The  meeting  was  called  to  order  by  President  Taylor  at  8:15  P.  M.,  with  Vice- 
Presidents  Plack,  Mebus'and  Swaab,  Directors  DeveUn,  Gilpin,  Vogieaon,  Berry, 
Haldeman,  Furber,  Gibson,  Hibbs  and  the  Secretary  in  attendance. 

The  minutes  of  the  Regular  Meeting  of  March  13,  were  read  and  improved,  and 
the  minutes  of  the  Special  Meeting  held  March  17  were  also  read  and  appiroTed. 

The  Secretary's  report  was  read,  and  the  following  action  taken  with  retoenoe 
thereto:  The  resignation  of  Mr.  H.  B.  Bryans  was  accepted  as  of  July  1,  1913, 
and  his  dues  for  the  remainder  of  the  year  charged  off;  the  resignation  of  Mr. 
Michael  Monaghan  was  accepted  as  of  December  31,  1912,  and  his  dues  for  the 
year  1913  charged  off;  the  resignation  of  Mr.  Fred.  G.  Thorn,  Jr.,  was  accepted 
as  of  December  31,  1912,  and  his  dues  for  the  year  1913  charged  off;  and  the 
resignation  of  Mr.  Howard  B.  Green  was  accepted  and  his  unpaid  dues  charged 
off. 

The  Secretary  was  instructed  to  commimicate  with  the  American  Society  of 
Marine  Draftsmen,  Philadelphia  Chapter,  and  advise  them  that  the  Board  finds 
that  it  cannot  extend  the  courtesies  of  their  meetings  to  them,  as  it  would  con- 
flict with  the  By-Laws. 

The  Treasurer's  report  was  presented  and  approved. 

The  Treasurer  was  instructed  to  send  a  statement  of  Mr.  H.  R.  Wilkinson's 
delinquent  account,  amounting  to  $70.00,  and  advise  him  that  if  this  amount 
were  paid,  his  resignation  would  be  accepted. 

The  House  Committee's  report  was  read  and  approved. 

The  Membership  Committee's  report  was  presented  and  Messrs.  Eli  T.  Conner, 
Carleton  E.  Davis  and  John  Mellor  were  elected  to  Active  Membership,  and 
Messrs.  A.  C.  Fisler  and  Karl  Nibecker  were  transferred  from  Junior  to  Active 
Membership. 

The  report  of  the  Meetings  Committee  \vi\s  read  and  approved. 

The  rei>orts  of  the  Publication- Advertising  and  Library  Committees  were 
read   and   approved. 

The  Library  Committee  was  instructed  to  send  a  copy  of  the  proposed  list  of 
books  for  the  library  to  each  member  of  the  Board  of  Directors,  asking  them  to 
advise  the  Committee  as  to  additions  or  alterations  to  this  list. 

The  report  of  the  Committee  on  Public  Relations  was  read  and  approved. 

The  Business  Manager's  report  was  read  and  approved. 

The  proposed  revision  of  the  By-Laws  as  compiled  by  the  Committee  on  Re- 
vision on  By-Laws  was  presented  to  the  Board  and  certain  changes  ordered  to 
be  made,  and  this  revised  copy  ordered  to  be  pressntel  at  the  Regular  Meeting 
of  the  Club  on  Saturday,  April  19th. 
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BceiNKBB  Meetino,  March  15,  1913 

The  aeetiDg  was  called  lo  order  at  8:30  P.  M.  by  Freak 
members  and  viaitors  in  attendance.  The  minutes  of  tbi 
March  1,  were  approved  as  printed  in  abstract. 

The  report  of  the  Committee  to  prepare  a  manoriam  i 
Fritz,  Honorary  Member,  was  presented  bj  Mr  J.  Chei 
unanimously  adopted. 

The  President  anooimced  the  death  on  March  11, 1913,  o 
Member,  elected  to  membership  October  17,  1908;  and  ths 
tore  at  its  meeting  on  March  13,  bad  instructed  the  Publ 
prepare  a  memoiiam  on  the  death  of  Mr.  Bums,  to  be  ino 


Tba  Secretary  reported  the  election  of  the  folloiring  me 
of  the  Board  of  Directors  on  March  13, 1913;  Active— C.  E 
C.  Fish,  William  C.  Greany,  Donald  B.  Heilman,  John  I 
Rock;  Associate — Frank  B.  Johnston,  Jacob  T.  Swarti; 
Demmert,  William  N.  Edwards,  Erie  C.  Herman,  Charles 
Downs,  Carl  A.  Woerwag. 

Mr.  Hermann  V.  Schreiber,  of  Sellers  and  Bippey,  Consi 
sented  the  paper  of  the  evening,  entitled,  "The  Design  ani 
Hydro-Electric  Plant  at  Estacada,  Oregon,"  which  was 
C.  P.  Birkinbine,  Harrison  Souder,  0.  L.  Wattera,  Emiie  < 
kinbine,  and  otbera. 

A  unanimous  vote  of  thanks  was  extended  Mr.  Schreib 
pap«. 

Regular  Meeting,  April  5,  1913. 

The  meeting  was  called  to  order  at  8:30  P.  M.  by  Vice-I 
132  members  and  visitors  in  attendance.  The  minutes  of 
of  March  16,  1913,  were  approved  as  printed  in  abstract. 

The  paper  of  the  evening,  entitled  ''The  Panama  Cans 
Treaties"  was  presented  by  Rear  Admiral  C.  M.  Chester, 
discussed  by  Messrs.  Wm.  Easby,  Jr.,  Major  Gillette,  H.  < 
M.  Chance,  John  C.  Parker,  W.  BalUnger,  O.  C.  Schmidt 
Jr.,  and  P.  A.  Maignen. 

A  vote  of  (hanks  was  estended  to  Admiral  Chestw  for  t 
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The  following  motion  was  presented  by  Mr.  S.  M.  Swa&b  and  mmumoiB 
adopted: 

' '  Reeolved,  that  all  past  actions  of  the  Club  and  of  the  Board  fA  Diraetm 
and  the  same  are  herewith  ratified." 

The  paper  of  the  evening,  entitled, '  'Some  Aepeeta  of  the  Subject  ot  T^uip 
tation,"  was  presented  by  Lt.  Col.  J.  £.  Kuhn,  U.  S.  A.,  Gorpa  of  E 

A  unanimous  vote  of  thanks  was  extended  Col.  Kuhn  for  the  p 
his  valuable  paper. 

BuBiNBBS  MsBTiNa,  Mat  7,  1913. 

The  meeting  was  called  to  ord«  by  Vice  President  Plaok  at  8:30  P.  H.,  «i 
63  mwaben  and  visitors  in  attoidance. 

The  minutes  of  meeting  held  May  3, 1913,  were  approved  as  printed  in  abstn 

The  Secretary  amiounoed  that  the  Board  of  Directors,  at  their  mMHiug 
May  I5th,  had  elected  to  Junior  Membership  F.  Van  Buren  Connell  and  Ridn 
B.  Ferris. 

The  Committee  on  Nominations  for  the  coming  year,  as  elected  by  Ute  Bm 
of  Directors,  was  announced,  as  follows:  H.  E.  Ehlers,  Chairman;  Jooepli 
Wagner,  F.  H.  Stier,  Carl  Heriog,  E.  M.  Nichols,  Thomas  MoBride  and  Gra 
T.  Gwilliam.  This  list  was  laid  over  until  the  meeting  of  June  7th  for  attcKsti 
or  acceptance  by  the  Club. 

The  amendments  to  the  By-Laws  were  discussed,  amended,  and  ordtted  a 
to  the  members  for  ballot. 

The  paper  of  the  evenit^,  entitled,  "Suction  Gas  Producer  Pumping  Eo| 
vs.  Compound  Condensing  Corliss  Crank  and  Fly  Wheel  Pumping  RngJTi'.  G 
ing  Cost  of  Operation  and  Fixed  CharKei  Based  upon  Five  Yean'  Opwating ! 
perience,"  was  presented  by  Mr.  J.  E.  Gibson  and  discussed  hy  Meesvn.  Ledo 
Fernald,  McBride,  Dallett,  Chance,  A.  G.  Wood,  Wm.  T.  Price  and  Gibson. 
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Population  (couub,  1910)  1,649,008. 
Area,  120  square  miles. 
Lat.  o[  City  Hall 
Long.      "       " 


Jan.    Feb.  March .  Nov.  Dte.  Annual 

32.4    33.1    40.6    t  4S.0    3M    54. 

NOKiUL  Maximtth  TEUPESATDREa 

39.4    40.3    48.3    5S.9    66.3    74.3    78.4    82.2    76.3    64.6  £2.4    42J 

29.1 

3.06    41.51 


32i  Some  InteretUng  F 

Miles  or  sewebs 

Branch  aewera 891.16 

MainKwen 100.072 

FriTBte  seven 167.0M 

Total 124S.328 

Course  of  X(»ih  Broad  Street— N.  9°  3l'  23.70"  £. 
Course  of  South  Broad  Street^-S.  9°  30'  24.18"  W. 
Course  of  East  Market  Street--S.  80**  4/  54.fi2"  E. 
Course  of  Wert  Market  Street— N.  80°  48'  24.70"  W. 
The  followiitg  standards  of  meaaui-ement  are  used: 

Horiiontal— 100  feet  City  standard  equal  100.25  feet  V.  8.  Staadaid 

Vertical — TJ.  8.  standard  is  used. 

The  Cit7  datum  is  5JS0'  above  mean  tide  Sandy  Hook. 
Philadelphia  owns  or  controls  5,139  acres  of  gpround  for  p&r k  purpoaea,  andl 
1,229  acres  plotted  on  the  Citjr  Plan,  but  not  yet  condemned  for  park  puip*'' 


Donaldson — The  Sinking  and  Lining  of  Shafts 


341 


Paper   No.  1129 
THE  SINKING  AND  LINING  OF  SHAFTS 

Bl  FRANCIS  DONALDSON 
Bead  March  l.  1913 

When  mining  was  begun  in  America  timber  was  cheap  and 
plentiful,  the  deposits  of  virgin  coal  and  ore  were  widely  distributed 
and  could  be  reached  at  no  great  depths,  and  the  development  of 
the  rectangular  timbered  shaft  was  the  natural  result.  Nowadays 
shafts  are  becoming  deeper,  mining  installations  more  and  more 


Fic.  1. 

expensive  and  mining  men  are  beginning  to  think  they  could  pos- 
sibly get  better  results  by  a  partial  return  to  European  methods, 
and  by  the  use  of  permanent  linings.  European  shafts  are  generally 
circular,  about  twenty  feet  in  diameter,  and  where  the  rock  is 
moderately  dry  they  are  lined  with  brick  excluding  the  water  that 
may  occur  in  the  fissures.  As  the  shafts  are  sunk,  and  at  intervals 
of  about  seventy-five  feet,  iron  curb  rings  are  placed  as  follows; 
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A  cast  iron  ring  made  of  sections  bolted  together  with  a  groove 
or  gutter  on  the  inside  (See  Fig.  1)  is  placed  in  a  notch  cut  in  the 
rpck.  With  this  curb  as  a  foundation  the  brick  lining  is  built  up 
to  the  ring  above.  As  a  rule  the  brickwork  is  built  from  a  staging 
or  platform  suspended  in  the  shaft  in  such  a  way  that  the  sinking 


^^^ 


bolf  Violc 


Fig.  2. 

bucket  can  go  up  and  down  without  interference.  The  lining  is 
placed  rapidly,  as  many  as  3,000  bricks  a  day  being  laid  by  one 
man.  The  water  that  comes  in  through  various  seams  in  the  rock 
is  drained  through  passages  in  the  curb  ring  to  the  gutter  and  eon- 
ducted  thence  to  a  pipe  in  the  shaft  running  down  to  the  pump. 
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The  interior  of  the  shaft  is  thus  made  absolutely  dry  and  none 
of  the  water  can  fall  into  the  shaft  and  interfere  with  the  operation 
of  the  cages. 

Where  the  rock  is  very  wet  the  Europeans  do  not  believe  in 
pumping  and  keeping  3,000  or  4,000  horse  power  in  boilers  to  run 
pumps,  so  they  use  a  shaft  lining  made  of  cast  iron  plates — some- 
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had  to  build  a  strong  bulkhead  so  that  grouting  would  be  possible.  We  stu^ 
a  pipe  into  the  fissure  at  the  bottom  of  the  cut  and  drained  the  wator  through 
it,  then  built  a  bulkhead  of  concrete  8  feet  thick  across  the  entire  face  of  the 
heading.  The  bulkhead  was  heavily  reinforced  by  rails  set  into  holes  drilled 
in  the  ribs.  We  provided  additional  grout  pipes  through  the  bulkhead  after 
the  concrete  had  set  for  a  week,  grouted  all  pipes  at  pressures  up  to  1,000  pounds 
per  square  inch,  completely  cutting  off  the  water.  When  driving  was  resumed 
no  water  was  encountered. 

Mr.  Furber. — That  grouting  was  sufficient  to  fill  up  the  fissures,  was  it? 

Mr.  Donaldson. — Yes,  we  put  in  about  three  carloads  of  cement. 
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builders  at  89  B.  H.  P.  when  operating  at  290  revolutions  per 
minute. 

Engines  as  installed  are  actually  operated  at  265  revolutions, 
with  proportionate  loss  of  power. 

Pumps, 

Each  engine  has  its  crank  shaft  extended  and  direct-connected 
by  flanged  coupling  to  the  pinion  shaft  of  13"  diameter  by  15" 
stroke,  single  acting,  triplex  Deane  pump.  To  accommodate  the 
alignment  of  engine  and  pump  shafts  the  pumps  are  set  in  a  pit 
about  three  feet  deep.  Each  pump  is  fitted  with  a  single  reduction 
of  gears  of  6  to  1  ratio,  and  when  running  at  44.1  revolutions,  has 
a  capacity  of  1,640,000  gallons  per  24  hours.  Each  pump  is  fitted 
with  large  suction  and  discharge  air  chambers,  relief  valves  and 
starting  valves. 

^         Auxiliaries. 

Each  engine  drives  a  small  belted  air  compressor  for  conapressing 
air  to  a  pressure  of  250  pounds  gauge.  This  compressed  air  \& 
stored  in  a  battery  of  three  air  tanks  and  is  used  to  start  the  engine. 
In  addition  to  these  compressors  a  small  gasoline  driven  air  com- 
pressor was  installed  lest  the  compressed  air  storage  be  lost  by 
accident  or  leakage.  It  may  be  of  interest  to  state  that  no  difl&culty 
has  been  found  in  retaining  air  charges  for  a  week  at  a  time  and 
ordinarily  one  charging  is  sufficient  to  make  a  half  dozen  starts. 
Of  course,  engines  are  started  without  load  by  opening  starting 
valves  on  pumps. 

Each  engine  is  equipped  with  3^  kilowatt  110  volt  generator  and 
6  cell  Edison  battery  with  necessary  spark  coil,  resistance  lamps^ 
combination  switchboard  and  fuse  blocks  for  electric  ignition. 

Suction  Discharge  Piping  Air  Chambers, 

Each  pump  has  an  independent  suction  pipe  to  suction  well, 
and  discharges  through  a  16"  connection  to  the  16"  main  discharge 
pipe. 

As  the  discharge  takes  place  at  times  through  a  main  15  miles 
long,  it  was  thought  best  to  install  a  large  steel  air  chamber  at  the 
back  end  of  discharge  main.  This  air  chamber  is  60"  in  diameter 
by  12  feet  high,  and  is  charged  with  air  from  small  air  compressors 
used  for  starting  engines. 
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Steel  tur  ohAmbera,  suction  and  diBch&rge  piping  coia- 

plet«,  including  ail  aiudliariee  not  included  in  above . .       4,600.00 
Fittera  complete 13,760.00 

Total  cost  of  mechanical  plant,  building  and  luids S77,250.00 

Total  cost  of  mechanical  plant,  building  and  lands,  ez- 

cluBive  of  eitera 63,600.00 

Cost  of  plant  per  B.  H.  P.  sa  at  prwent  iiMtalled  162 

B.  H.  P.,  exduaive  of  cost  of  filters 3S2.00 

Cost  of  plant  exclusive  of   filters  per  million  gallon 

capacity  per  24  houre 1Q,260.00 

Fuel  Used  and  Cost. 

A  good  grade  of  anthracite  pea  coal  is  used,  costing  $2.75  per  too 
of  2,240  pounds  at  the  mine.  The  freight  from  mines  to  'Bear  is 
S1.70,  to  which  must  be  added  the  cost  of  hauling,  amounting  to 
65  cents  per  ton,  making  the  total  cost  of  coal  delivered  in  coal 
storage  bins  $5.10  per  long  ton. 

It  might  be  well  to  state  here  that  it  does  not  pay  to  purchase 
anything  but  the  best  grade  of  white  ash  non-clinkering  coal,  which 
must  also  be  of  a  uniform  grade  as  to  size. 

Performance  Teat. 
The  guaranteed  test  conditions  were  as  follows: 
When  operatii^  engines  at  89  B.  H.  P.  the  consumption  of  coal 
was  not  to  exceed  1.3  pounds  per  B.  H.  P.  hour,  and  when  operating 
the  engines  at  45  B.  H.  P.  the  guaranteed  coal  consumption  was 
not  to  exceed  these  guarantees,  the  full  load  test  being  1.02  pounds 
of  coal  per  B.  H.  P.  hour  and  1}^  pounds  per  delivered  water  horse- 
power, equivalent  to  a  duty  per  hundredweight  of  coal  of  158,40(^ 
000. 

We  will  for  the  present  drop  the  gas  producer  plant  and  give 
our  attention  to  the  steam  plant  with  which  it  is  being  compared. 

OcTORARO  Water  Compant  Pij.nt. 
This  company  was  organized  about   1903,   and,  as    its    name 
implies,  obtains  its  water  supply  from  the  Octoraro  Creelc.     There 
are  two  pumping  stations,  the  first  or  steam  statio 
we  have  to  deal,  located  about  three  miles  south 
on  the  west  branch  of  Octoraro  Creek;  the  other  ; 
pumping  station  located  below  the  junction  of  the 
forks  at  Pine  Grove  Forge,   Pa. 
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Complete  mechanical  plant  including  boilers,  engines, 
auxiliaries,  steam  and  water  piping,  covering,  etc  ....     39,850.00 

Total  cost  of  mechanical  plant $77,725.00 

This  latter  figure  should  be  compared  with  the  cost  of  the  Delaware  plant 
exclusive  of  filters,  i.  e.,  $63,500.00. 

Cost  of  plant  per  B.  H.  P.  of  engine,  allowing  10%  for 

friction  of  engine 190.00 

Cost  of  plant  based  upon  total  capacity  in  million 

gallons  per  day 12,100.00 

Fuel  Used  and  Cost, 

The  best  grade  of  **B"  or  Miller  vein  bituminous  coal  from  the 
South  Fork  region  is  used,  costing  $1.50  per  ton  of  2240  pounds 
at  the  mines.  The  freight  from  the  mines  to  Quarryville  is  SI. 50 
per  ton,  to  which  must  be  added  the  cost  of  hauling,  amounting  to 
$1.40  per  ton,  making  the  total  cost  of  the  fuel  delivered  in  coal 
storage  bin  $4.40  per  ton.  This  coal  is  high  in  carbon,  low  in  vola- 
tile matter  and  is  one  of  the  best  steaming  coals  mined  in  Pennsyl-. 
vania. 

Performance  Test. 

The  duty  guarantee  was  to  be  not  less  than  100,000,000  foot 
pounds  per  thousand  pounds  of  dry  steam  when  operating  at  a 
capacity  of  3,000,000  gallons  per  24  hours  against  a  working  wat^ 
pressure  of  332  to  362  feet;  the  steam  pressure,  135  pounds  at  the 
throttle.  The  steam  consumption  of  the  independent  air  pump 
is  to  be  included  with  that  used  by  main  engine. 

We  have  gone  rather  fully  into  the  description  of  these  plants, 
chiefly  to  give  a  clear  idea  of  the  two  plants,  so  that  individual 
conclusions  may  be  made  upon  the  matter  to  follow. 

Operating  Records j  Expenses,  etc. 

As  before  stated,  complete  daily  records  of  operating  conditions 
were  kept  at  pumping  station.  The  more  important  and  pertinent 
ones  for  this  paper  are: 

1st.  Fuel  consumed. 

2nd.  Daily  pumpage  in  gallons  by  meter. 

3rd.  Total  pumping  head,  which  included,  1st,  suction  head, 
2nd,  discharge  head.  (Plus  or  minus  correction  for  difference  in 
elevation  of  gauges.  This  was  a  constant,  as  gauges  were  per- 
manent. 
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Complete  mechanicaJ  plant  includitig  boilers,  engmi 
auxiliaries,  steam  and  n-ater  piping,  covering,  etc  . . 

Total  cost  of  mechanical  plant 

This  latta  figure  should  be  compared  with  the  cost  of 
exclusive  of  flltem,  i.  e.,  (63,500.00. 

Cost  (rf  plant  per  B.  H.  P.  of  engine,  allowing  10%  f 

friction  of  oigine 

Cost  of  plant  based  upon  total  capacity  in  millii 
gallons  per  day 

Fuel  Used  and  Cost. 

The  best  grade  of  "B"  or  Miller  vein  bitumim 
South  Fork  region  is  used,  eostiug  S1.50  per  toi 
at  the  mines.  The  freight  from  the  mines  to  Qu 
per  ton,  to  which  must  be  added  the  cost  of  haul! 
S1.40  per  ton,  making  the  total  cost  of  the  fuel 
storage  bin  $4.40  per  ton.  This  coal  is  high  in  cai 
tile  matter  and  is  one  of  the  best  steaming  coals  e 
vania. 

Performance  Test, 

The  duty  guarantee  was  to  be  not  less  than 
pounds  per  thousand  pounds  of  dry  steam  whe 
capacity  of  3,000,000  gallons  per  24  hours  against 
pressure  of  332  to  362  feet;  the  steam  pressure,  1 
throttle.  The  steam  consumption  of  the  indep 
18  to  be  included  with  that  used  by  main  engine. 

We  have  gone  rather  fully  into  the  descriptior 
chiefly  to  give  a  clear  idea  of  the  two  plants,  * 
conclusions  may  be  made  upon  the  matter  to  f<d 

Operating  Records,  Expenses,  etc. 

As  before  stated,  complete  daily  records  of  operating  conditiona 
were  kept  at  pumping  station.  The  more  important  and  pertinent 
ones  for  this  paper  are: 

1st.  Fuel  consumed. 

2nd.  Daily  pumpage  in  gallons  by  meter. 

3rd.  Total  pumping  head,  which  included,  Ist,  suction  hesd, 
2nd,  discharge  bead.     (Plus  or  minus  correction  for  diffwcoee  in 
elevation  of  gauges.     This  was  a  constant,  as  gauges  i 
manent. 
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Superintendence, 

Under  this  heading  is  included  not  only  the  salary  of  the  super- 
intendent, but  that  of  his  oflSee  assistance,  stationery,  pK)stage, 
telegraph,  telephone,  office  rent,  livery  and  other  incidental  ex- 
penses. The  superintendent  must  necessarily  be  a  high  grade 
man,  for  the  success  of  the  plant  depends  upon  him. 

The  superintendent's  salary  we  have  placed  at  $2,500  per  year. 


A  bookkeeper  and  clerk  at 

1,200 

A  stenographer  at 

500 

Office  rent,  including  heat,  light,  water,  etc. 

300 

Postage 

100 

Telephone  and  telegraph 

170 

Stationery 

250 

Livery  and  miscellaneous  expenses 

500 

4*  4« 

«•  «t 

l(  <« 

«•  <• 

(4  «« 

(4  4« 

44  44 


44 


44  44 


Making  a  total  of  ^,520    " 

Of  which  amount  we  have  charged  16  1-3%  to 
the  mechanical  plant,  amounting  to  $   920 

Depreciation, 

Here  we  have  only  to  consider  the  mechanical  plant  and  its 
housing.  For  the  Corliss  engine  plant  we  have  figured  upon  ui 
average  life  of  20  years  for  the  mechanical  plant,  and  35  years  for 
buildings,  etc.  For  the  gas  producer  plant,  we  have  allowed  an 
average  life  of  only  15  years  for  mechanical  plant  and  35  years  for 
buildings.  Our  reason  for  allowing  only  15  years  for  the  gas  engine 
plant  is  that  we  have  not  had  sufficient  experience  with  this  class 
of  machinery  to  warrant  our  giving  it  a  longer  life,  although  w 
can  see  no  reason  why  its  life  should  not  equal  that  of  a  steam 
driven  plant. 

We  therefore  set  aside  at  the  end  of  each  year  a  sum  which  at 
4%  compound  interest  will  at  the  expiration  of  the  life  of  ihe  plant 
amount  to  its  first  cost. 

This  sum  is 

1st  Delaware  Plant. 

For  mechanical  plant  excluding  filters $  1,236.00 

For  building 458.00 

Total  each   year $  1,694.00 
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end  Ocioraro  Plant, 

For  mechanical  plant 1,340.00 

For  buildings 447.00 

Total  each  year $  1,787.00 

It  will  be  noted  that-  no  depreciation  is  allowed  for  obsolescence, 
inadequacy  or  supersession. 

Sinking  Fund  for  Retiring  Bonded  Debt. 

We  are  of  the  opinion  that  this  item  should  not  be  included  in 
the  cost  of  operating  a  public  utility,  for  the  reason  that  capital 
should  be  everlasting;  nevertheless,  the  courts  of  our  country 
allow  it,  and,  furthermore,  we  have  seen,  time  and  again,  private 
water,  gas  and  electric  light  companies'  plants  virtually  confiscated 
by  the  public  through  the  instrumentality  of  completing  plants 
paralleling  the  lines  and  mains  of  the  older  company,  so  a  sinking 
fund  is  imperative  or  no  company  could  dispose  of  its  bonds.  This 
sinking  fund  we  have  figured  upon  a  4%  basis,  30  year  life  of  bonds — 
and  amounts  to  $1,043.00  for  the  Delaware  Company  plant  and 
$1,297.00  for  the  Octoraro  plant. 

Interest, 

We  will  issue  bonds  having  a  rate  of  interest  sufficient  to  cause 
them  to  sell  at  par.  This  interest  we  have  taken  at  7%,  as  this 
would  seem  to  be  about  the  rate  of  interest  this  class  of  investments 
should  bear,  where  the  plants  are  well  established  in  a  growing 
territory.  This  annual  charge  amounts  to  $4,095  for  the  Delaware 
plant  and  $6,491  for  the  Octoraro  plant. 

Insurance. 

This  item  covers  fire  liability  and  boiler  insurance.  The  buildings 
of  both  plants  are  substantially  built  of  non-burning  material, 
except  for  windows  doors,  and  roof,  and  could  therefore  be  but 
little  damaged  by  fire.  The  machinery  would  however  be  subject 
to  considerable  damage.  We  have  therefore,  for  insurance  purposes, 
placed  a  valuation  of  $20,000  on  the  Delaware  plant  and  $30,000 
on  the  Octoraro  or  steam  plant.  Both  plants  are  fully  equipped 
with  fire  fighting  apparatus  and  thereby  receive  the  benefit  of  the 
lowest  insurance  rates  for  isolated  plants.  This  amounts  to  S66 
per  year  for  the  Delaware  plant  and  $90  per  year  for  the  Octoraro 
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plant.  The  boiler  and  liability  insurance  we  have  taken  at  S160 
per  year  for  the  Octoraro  plant.  The  Delaware  plant  has  no  boiler 
plant  and  therefore  only  liability  insurance  is  carried.  This  costs 
$10  per  year  for  $10,000  insurance.  We  have,  therefore,  a  total 
insurance  charge  of  $76  for  the  Delaware  plant  and  S250  for  the 
Octoraro  plant. 

Taxes. 

The  state  levies  a  bond  tax  of  four-tenths  of  one  per  cent,  on  all 
bonds,  and  five-tenths  of  one  per  cent,  on  the  value  of  the  stock  as 
assessed  by  the  State.  As  before  stated,  the  stock  has  only  a  nominal 
value  of  $10  per  share,  and  for  the  purposes  of  taxation  we  wiD 
assume  that  the  same  amount  of  stock  as  bonds  is  issued.  This 
would  be  the  equivalent  of  a  tax  of  45-100  of  one  per  cent,  on  the 
bond  issue  alone  and  would  amout  to 

For  the  Delaware  plant,  $263.00  per  annum. 

For  the  Octoraro  plant,  $327.00  per  annum. 

Grouping  the  above  items  into  a  table  we  have  thefoUowing: 

Table  I. 

Item,  Ddaware  Plant.  Ocforaro  PUmi. 

Management $   200.00                       $     200.00 

Superintendence 920.00  920.00 

Depreciation 1,694.00  1,987.00 

Sinking  Fund 1,043.00  1,297.00 

Interest 4,095.00  6,491.00 

Insurance 76.00  250.00 

Taxes 263.00  327.00 

or  grand  totals  of $8,291.00  per  annum 

for  the  Delaware  plant,  and $11,472.00 

for  the  Octoraro  plant. 

Operating  Expenses. 

Below  is  given  a  table  of  operating  expenses  of  the  two  plants. 
For  ease  of  comparison  each  year  for  both  plants  is  placed  in  ad- 
joining columns. 


I 
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Table  II. 
Operating  Charges. 

Delaware  Water  Co.,  Oaa  Plant.    Octcraro  Water  Co.,  Steam  Plant. 
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1908 

1000 

1010 

1011 

1912 

ITEM. 

Piant 

Plant 

Plant 

Plant 

Plant 

Gas. 

Steam 

Gas. 

Steam 

Gas. 

Steam 

Gas. 

Steam 

Gas. 

Steam 

(tna  22  sutn/m 

641.61 

106.68 

•880.07 

1866.06 

188.75 

8068.60 

168.00 

14.00 

2412.15 
107.00 

U78.68 

888.88 

t418.73 

8876.08 

148.18 

4006.81 
128.08 
246.97 

2800.88 
81.11 

1474.40 
227.87 
251.06 

2518.87 
188.00 

4167.80 
201.88 
542.87 

2180.00 
146.08 

1790. 35 

200.04 

U10.19 

2807.89 

274.81 

4418.07 

aste  and  Packing      

ig  and  Machinery  Repairs 

Dg  Station  Wages 

laneous  Expenses 

180.68 

100.64 

1601.67 

75.00 

182.88 

108.88 

2520.60 

102.66 

202.70 

003.83 

2882.82 

197.80 

>tal  per  Annum 

1  2867.26 

6606.18 

1  8108.07 

4844.85 

6864.80 

4656.8 

7288.81 

5196.88   7804.72 

ndndes  the  replacing  of  spiral  riveted  purge  pipes  on  producers,  with  cast  iron  pipe. 

ndudes  spare  parts  for  engines,  such  as  inlet  and  exhaust  valves,  piston  rings  and  piston,  etc. 

ndudes  compromise  settlement  of  claim  for  damaged  castings  that  developed  in  producer  in  1908,  be- 

18  plant  was  finally  accepted. 


Combining  Tables  I  and  II  we  obtain  Table  III,  which  gives  the 
total  combined  operating  and  fixed  charges  for  each  of  the  plants : 

Table  III. 
Combined  Fixed  and  Operating  Charges. 

Delaware  Water  Co.,  Oaa  Plant.    Octoraro  Water  Co.,  Steam  Plant. 
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Plant 

Plant 

Plant 

Gas. 

Steam 

Gas. 
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Gas. 
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Gas. 
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2367.26 
8201.00 

6606.18 
11472.00 

8108.97 

ASRftM!  ASUAfei 

ffiM.fU    4flSfi.20 

7238.81 

5195.88 

TSfWl  72 

and  Overhead  Charges 

8291. «  11472.00 

8281.0011472.00 

1 

;  8291.0011472.00 

8291.00  11472.00 

otal  Yearly  Cost 

10668.86 

17078.18 

11894.07118127.64 

12635.86 

18710  81 

12746.2018710.81 

13486.88  19276.72 

Mechanical  Performance  of  Plant. 

We  have  tabulated  the  principal  items  of  the  daily  log  records 
of  the  plant  for  each  month,  showing  the  average  results  for  each 
year  and  for  the  total  period  of  five  years.  This  record  is  shown 
in  Table  IV,  and,  as  a  further  aid  and  to  show  the  monthly  varia- 
tions in  operation,  we  have  plotted  them  as  a  diagram. 


ti 
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Economical  Results. 

From  the  information  obtained  and  shown  in  Tables  I,  II  and 
III,  we  have  prepared  Table  V,  which  gives  the  cost  of  pumping 
one  milUou  gallons  of  water,  one  hundred  feet  high. 

Table  V. 
Cost  of  Pumping  One  Million  Gallons  100  Ft.  High. 
Overhead,  Fixed  and  Oferatinq  Cbakges. 
Manure  Water  Co't.Gaa  Engine  Plant.    Octoraro  WaUr  Co' a..  Steam  Engine  Plant. 


Line  15  gives  the  combined  total  cost. 

The  cost  per  million  gallons  for  items,  Lines  1  to  7  inclusive  of 
fixed  chaises,  and  Line  11  of  operating  charges,  was  obtained  by 
dividing  the  annual  cost  for  that  item  by  the  actual  number  of 

million  gallons  pumped  for  the  year,  as  these  charges  were  independ- 
ent of  the  pumping  head.  Items  9,  10,  12  and  13  were  obtained  by 
dividing  the  annual  cost  by  the  equivalent  million  gallons  pumped 
one  hundred  feet  high  for  year. 
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Lines  16  and  17  show  the  average  cost  per  million  gallons  for  the 
five  year  period,  $28.36  for  the  gas  plant  and  $32.95  for  the  steam 
plant. 

This  is  equivalent  to  $56.80  and  $68.50  per  horsepower  for  24 
hour  power  delivered  to  the  customer,  or,  stated  another  way,  it 
is  equivalent  to  .88  and  1.05  cents  per  kilowatt  for  the  steam  and 
gas  plants  respectively. 

In  conclusion  it  may  be  stated  that  the  figures  given  are  the 
actual  results  obtained  in  two  existing  plants  similarly  situated 
and  therefore  comparable. 

Necessarily,  the  local  conditions,  nature  and  cost  of  fuel  available, 
etc.,  must  enter  into  every  discussion  as  to  the  kind  of  power  to  be 
adopted  for  a  proposed  plant,  but  it  is  our  opinion  that  the  gas 
engine  driven  pumping  engine  has  a  much  wider  field  than  has 
heretofore  been  accorded  it. 

We  wish  to  thank  those  who  in  their  official  capacity  have  per- 
mitted the  use  of  the  data  that  has  made  this  paper  possible. 

DISCUSSION. 

Mr.  Ledoux. — It  will  be  noted  that  the  steam  plant  referred  to  by  Mr.  Gibson 
ran  on  the  average  about  half  of  the  24  hours,  while  the  gas  plant  generally  ran 
the  entire  24  hours.  The  comparison  in  favor  of  the  gas  plant  may  be  assumed 
by  many  as  due  to  this  fact.  However,  the  average  duty  of  that  particular  steam 
plant  amounted  to  about  66,000,000,  which  is  about  as  high  as  is  obtained  in 
other  similar  plants  where  the  run  is  continuous.  This  high  duty  is  evidently 
due  to  the  good  fuel,  good  management  and  excellent  handling  of  the  plant.  About 
70,000,000  annual  duty  is  in  my  judgment  the  upper  limit  of  a  pWt  of  that  kind. 

Prop.  Fernald. — I  am  not  prepared  to  discuss  the  paper  in  detail,  but  I  am 
very  much  interested  in  the  statements  of  fuel  efficiency  and  the  oi>eration  of 
the  plants.  I  have  been  following  producer  gas  problems  for  some  time,  and 
have  been  pleased  to  see  how  the  problem  has  worked  out  in  favor  of  the  gas  plant 
under  actual  operating  conditions. 

There  is  one  feature,  however,  I  would  Hke  to  call  attention  to.  In  this  parti- 
cular installation  we  find  very  high  grade  coal  being  used.  In  a  plant  that  is 
operating  under  rather  ideal  conditions  for  producer  gas  work,  that  is,  under 
uniform  load,  the  producer  gas  plant  makes  good.  What  those  of  us  who  are  in- 
terested in  producer  gas  would  like  to  see  is  the  utilization  of  grades  of  fuel  that  can 
not  be  used  to  good  advantage  in  steam  plants.  Not  only  have  producer  gas  planst 
made  good  on  high  grades  fuels,  but  it  has  been  demonstrated  that  low  grade 
fuels  can  be  utilized  to  good  advantage.  I  hope  this  organization  may  have  re- 
ports of  plants  which  have  been  operating  on  grades  of  fuel  that  are  not  advant- 
ageous in  ordinary  steam  plants,  because  that  is  a  field  of  great  importance  as 
far  as  our  fuel  conservation  is  concerned,  and  the  time  is  coming  when  we  will 
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The  plant  consists  of  one  17x27K  I>e  La  Vergne  type  ''FH"  twin  cylmder 
oil  engine — 180  brake  horsepow^  rated  capacity,  direct  connected  to  a  125  K.  W. 
525  Yolt  D.  C.  generator;  the  electric  current  generated  being  utiluMd  to  drife 
motors  and  for  lighting  p\u*poBee. 

Actual  Cost  of  Power. 

Plant  operated  588  days  or  5985.30  hours  total: 

Total  K.  W.  hours  produced  369|684 — 552,217  brake  horsepower  hours  by  cakii- 

lation. 
Load  Factor— 54.2% 

Total  Per  K.  W.  Hr.  Per  B.  H.  P.  Hr. 

Fuel  Oil  38,211  gaUons $859.75  $.00232  $.00155 

Lubrication 228.72  .00061  .00041 

Miscellaneous 123.20  .00032  .00022 

Labor  and  attendance 1361 .42  .00368  .00246 


$2573.09         $.00693  $.00464 

Fuel  oil  employed  28.8^   Beaume  =  7.35  pounds  per  gaUon. 
Pounds  of  oil  used — .761  per  K.W.  hour — .608  per  horsepower  hour. 

The  point  I  wish  to  bring  out  is  this: 

This  180  HP.  type ' '  F.  H. "  De  La  Vergne  oU  engine  was  guaranteed  to  develop 
its  power  at  the  following  load  of  fuel  consumption: 

Full  load 0.5  pound  per  B.  H.  P.  Hr. 

%        " 0.5  "  "        " 

K         " 0.55 

The  engine  operated  at  an  average  load  of  54.2%  for  a  period  of  two  years  and 
during  that  time  the  total  oil  consumption  was  38,211  gallons  which  is  at  the  rate 
of  0.508  pounds  per  brake  horsepower  hour.  It  is  true  in  the  general  ease  that 
the  operating  results  with  an  oil  engine  are  identical  with  the  test  results. 
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The  Bext  elide  shows  a  loDgitudinal  aectioD  of  a  De  La  Vergae  type  "FH" 
tngiiie,  which  is  the  type  adapted  to  bum  Mexican  crude  oil  and  tars.  The  differ- 
ence between  this  engine  and  the  Diesel  type  is  that  the  oompreaeion  pressure 
is  carried  only  to  280  pounds  instead  of  525  and  at  the  end  of  the  compression 
stroke  the  oil  ia  atomiied  by  comprcsHed  air  into  the  vaporiier  chamber  shown 
by  the  circle  at  "D".  In<»der  to  work  with  the  greatest  economy  it  is  necessary 


Fia.2. 
Longitudinal  Section  o(  Engine. 

to  bum  the  cheap  Mexican  crude  oils,  and  to  do  this  the  vaporiier  chamber  must 
be  used.  It  is  not  neceeeary  to  treat  this  vaporizer  with  the  same  degree  oT  respect 
as  one  would  the  cylinder  walls  in  the  caae  ot  the  Dieeei  type  of  engine,  where 
the  oil  is  injected  directly  into  the  cylinder.  We  have  had  no  trouble  whatever 
in  burning  not  only  Mexican  crude  oil,  but  also  water  gaa  tar  and  coke  oven  tar 
without  carbonization  of  any  kind. 
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W.  J.  WARNER 

Mr.  Walter  J.  Warner,  Associate  Member  of  the  Engineers'  Club,  formeriy 
connected  with  W.  S.  P.  Shields,  died  suddenly  on  June  10th,  1913. 


R.  A.  SHILLINGFORD. 

Mr.  Shillingford  was  bom  in  Philadelphia  in  1857;  a  graduate  of  the  Univendty 
of  Pennsylvania  in  1879  and  afterwards  connected  with  the  Cambria  Steel  Com- 
pany of  Johnstown,  Pa.,  and  later  with  the  Berwind  White  Coal  Mining  Com- 
pany as  Mine  Engineer.  In  1887  he  became  Superintendent  of  the  Clearfidd 
Bituminous  Coal  Corporation  at  Peale,  Pa.,  and  in  1900  removed  to  Clearfidd, 
Pa.  In  1909  he  was  made  Vice  President  and  General  Manager  of  the  Clearfield 
Bitimtiinous  Coal  Corporation.  At  the  time  of  his  death  he  also  held  the  positioii 
as  Inspector  of  coal  properties  of  the  N.  Y.  C.  &  H.  R.  R.  R.  He  was  Director 
of  the  Beech  Creek  Railroad,  and  of  the  Clearfield  &  Franklin  R.  R.  He  was  also 
a  Director  of  the  Clearfield  Trust  Company,  and  later  was  Vice  President  of 
that  institution,  and  at  the  time  of  his  death  was  President.  He  was  Vice  Presi- 
dent of  the  Clymer  Electric  Company,  and  Director  of  the  State  Central  EHee- 
tric  Company.  He  was  a  Director  of  the  Kittanning  Coal  Company  of  Philadd- 
phia,  Empire  Coal  Mining  Company  of  Philadelphia  and  Pioneer  Coal  Company 
of  Philadelphia.  In  1908,  he  was  a  member  of  the  Commission  appointed  by  the 
Governor  of  Pennsylvania,  to  revise  the  mining  laws  of  this  state.  He  was  a 
member  of  the  University  Club  of  Philadelphia,  Engineers*  Club  of  Philadel- 
phia and  Pennsylvania  Society  of  New  York. 

Mr.  Shillingford  died  Monday,  June  16,  1913. 


Papers  Scheduled  for  the  Fall  Term  395 


PAPERS  SCHEDULED  FOR  THE  FALL  TERM 

The  Meetings  Committee  beg  to  amiounce  that  the  following  papers  have 
been  scheduled  for  the  fall  term: 

September  20 — Sewage  Treatment  in  Pennsylvania. 

By  Charles  F.  Mebus,  Vice  President,  Engineers'  Club. 
October    4 — The    Limitations   op   Mathematical   Thbobt    Applied   to 

Engineering. 

By  W.  G.  Button,  Engineer,  Bureau  of  Building  Inspec- 
tion,   Philadelphia. 
October  18 — Modern     Color     Photography. 

By  Henry  Lefifmann,  Past  President,  Engineers'  Club. 
November  1 — Housing   and  Sanitation. 

By  Bernard  J.  Newman,  Secy.,  Phila.  Housing  Commis- 
sion. 
November  15 — The   Grand   Central   Terminal   Improvements. 

By  George  A.  Harwood,  Chief  Engineer,  N.  Y.  C.  &  H. 
R.    Railroad. 
December  6 — The  Hudson  River  Siphon. 

By  Ralph  N.  Wheeler,  Division  Engineer,  Board  of  Water 
Supply,  New  York. 
December  20 — Concrete  Roadways. 

By   Lewis   R.   Ferguson,   Asst.   Secy.,   Amer.   Portland 
Cement    Manufacturers. 
January  3 — The    Scranton    Mine    Problem. 

By  Eli  T.  Conner,  Consulting  Mining  Engineer. 
January  17 — Some    Recent    Improvements    in    Steam    Locomotives. 

By  George  R.  Henderson,  Consulting  Engineer,  Bald\\dn 
Locomotive  Works. 
February  7 — Annual  Meeting. — Presidential  Address. 
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The  following  books  have  been  presented  to  the  library  of  the  Engmeen' 
Club  by  the  Junior  Section: — 

Technological  Dictionary  (3  vols.) — Tolhausen. 

Municipal    Franchises — Wilcox. 

Engineering  Valuation  of  Public  Utilities — Foster. 

The  Law  of  Operation — Wait. 

Valuation  of  Public  Service  Corporations — WhUten. 

Logarithms — Brvhna. 

Advanced  Algebra — Milne. 

Plane  and  Solid  Geometry — Milne. 

Evolution  of  Litemal  Combustion  Engines — Bviler, 

Applied  Mechanics — Rankin, 

Treatise  on  Hydraulics — Merriman. 

Fire  Prevention  and  Fire  Protection — Freitag. 

Principles  of  Concrete  Construction — Tumeaure  and  Maurtr. 

Field  Engineering — Searles. 

Cost  D&ta,—GiUet1e. 

Engineering  Work  in  Towns  and  Cities — McCuUUmgh. 

Tunneling — Prelini. 

Plane  Surveying — Tracy. 

Mechanics   Applied   to   Engineering — Goodman, 

Theory  of  Structures — Spofford. 

American   Civil   Engineers'    Pocketbook. 

Engineering  Index  Annual — 1912. 

Principles  of  Electrical  Engineering — Pender. 

Electric  Power  Transmission — Bell. 

The  Art  of  Illumination — Bell. 

Centrifugal  Pumping  Machinery — De  Laval. 

Mill    Buildings — Kef  chum. 

Street  Paving  and  Paving  Material — Tillson. 

American  Highway  Assoc.  Good  Roads  Year  Book — 1913. 

Freight  Terminals  and  Trains — Droege. 

Treatise  on  Roads  and  Pavements — Baker. 

Dust    Preventives   and    Road    Binders — Hubbard. 

Art  of  Roadmaking — Frost. 

Modern  Asphalt  Pavements — Richardson. 

Construction  of  Dams — Wegviann. 

Reservoirs — Schuyler. 

Central  Station  Heating — Gifford. 

Practical  Manual  of  Steam  and  Hot  Water  Heating — Pierce, 
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Sewage  Disposal — Fuller. 

Public  Water  Supplies — Tvmeayre  and  RvMeU. 

Sewer  Construction — Ogden. 

Sewerage — FowelX, 

Water  Power — FrizeU, 

Journal  Royal  Institution  of  British  Architects — 1910. 

Town  Planning  in  Practice — Unwin, 

Concrete  and  Steel  Construction — Marach. 

Principles  of  Wireless  Telegraphy — Pierce, 

Chemiker  Kalendar. 

Explosives — Brunswig, 

Portland  Cement — Butler. 

Corrosisn  and  Preservation  of  Iron  and  Steel — Cushman  and  Gardner. 

Concrete  Costs — Taylor  and  Thompson. 

Walls,  Bins  and  Grain  Elevators — Ketchum. 

Concrete,  Plain  and  Reinforced — Taylor  and  Thompson. 

Masonry  Construction — Baker. 

Architectural  Engineering — Freitag. 

Commercial  and  Library  Atlas  of  the  World — Hammond. 

Paints  and  Varnishes — Sabin. 


398  Some  Local  Transportation  Statistics 
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Miles  of  Track  in  Philadelphia. 

Pennsylvania  R.  R .  502 .2 

B.  &  0 70.0 

Phila.  &  Reading  Railway ♦132 .76 

Phila.  Rapid  Transit  Company 660 .0 

Passenger  Trains  per  Day 

Inbound  Outbound 

Pennsylvania  R.  R t^SO  fSSO 

B.    &   O 21  21 

Phila.  &  Reading  Railway 229  234 

Freight  Trains  and  Tonnage 

Inbound  Outbound 

Cars  Tons  Cars  Tons 

Pennsylvania    R.    R 658         11,514        749  10,526 

B.    &    0 tl5         11,000         {12  6,000 

Phila.  &  Reading  Railway ....  {79  {81 

The  Philadelphia  Rapid  Transit  Company  operate  approxi- 
mately 2000  surface  and  165  elevated  cars;  and  6660  miles  of 
track. 

•There  are  in  addition  215.81  miles  of  sidings  in  the  city  of  Philadelphia. 
fThis   is  the  daily  average  and  does  not  include  45  trains  passing  through 
West  Philadelphia  which  do  not  enter  Broad  Street  Station, 
t  Trains. 
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ABSTRACT  OF  MINUTES  OF  THE  CLUB 

Business  Meetinq,  June  7,  1913. — The  meeting  was  called  to  order  by 
President  Taylor  at  8:35  P.  M.,  with  57  members  and  visitors  in  attendance. 

The  minutes  of  the  meeting  of  May  17th,  1913  were  approved  as  printed 
in  abstract. 

Following  the  report  of  the  Tellers,  the  President  declared  that  the  amend- 
ments submitted  to  the  Club  were  carried  and  would  be  incorporated  in  the 
By-Laws. 

The  Committee  on  Nominations,  consisting  of  H.  E.  Ehlers,  Chairman, 
Joseph  C.  Wagner,  F.  H.  Stier,  Carl  Hering,  E.  M.  Nichols,  Thomas  C.  McBride 
and  George  T.  Gwilham,  appointed  by  the  Board  of  Governors  at  their  meeting 
of  May  15th,  was  accepted. 

Mr.  D.  Robert  Yamall  presented  the  paper  of  the  evening,  entitled,  "Scien- 
tific Management  Applied  to  the  Design  and  Management  of  a  Modem  Valve 
Plant,"  which  was  discussed  by  Messrs.  John  C.  Trautwine,  Jr.,  E.  M.  Nichols 
and  J.  E.  Gibson. 
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ABSTRACT  OF  MINUTES  OF  THE  BOARD  OF 

GOVERNORS 

Special  Meeting,  June  19,  1913. — ^The  meeting  wa?  called  to  order  st 
8:10  P.  M.  Present,  President  Taylor,  Vice  Presidents  Plack  and  Swaab^ 
Directors  Vogleson,  Haldeman,  Gibson,  Worley,  the  Secretary  and  the  Treasurer. 

The  Treasurer  reported  a  net  gain  of  $1929.19,  as  compared  with  $27.14 
for  the  same  period  of  last  year. 

The  Treasurer  was  instructed  to  strike  the  names  of  William  G.  Bid^dl 
and  F.  K.  Wilkinson  from  the  roll  as  of  July  1,  1913,  for  nonpayment  of  diies^ 
and  to  charge  off  their  dues  from  the  books. 

Reports  of  the  Finance  and  House  Committees  were  read  and  appro^«d. 

The  report  of  the  Membership  Committee  was  read,  and,  in  aoooniaDoe 
with  the  recommendations  of  the  Conunittee,  the  following  were  elected: 

Active:  William  C.  Greany,  Crosby  Miller.  Associate:  A.  Morris  HeriL- 
ness,  James  F.  McCrudden. 

The  death  of  Walter  J.  Warner  was  announced,  and  the  Treasurer  infltruct' 
ed  to  charge  his  dues  off  the  books. 

The  question  of  rearranging  the  accounts  and  the  appropriation  schedule 
was  referred  to  the  Treasurer  and  Chairman  of  the  Finance  Committee,  with 
power  to  act. 

The  President  and  Treasurer  were  authorized  to  enter  into  an  agreement 
with  the  Business  Manager,  in  which  the  payment  of  the  bonus  due  the  Busi- 
ness Manager  be  deferred  until  the  annual  audit  of  the  books. 

The  report  of  the  Business  Manager  was  read  and  approved. 
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